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PROBLEM TO BE SOLVED: To provide an exchange coupling film, formed 
such that when an antiferromagnetic material containing an element (X) ((X) 
is a platinum group element.) and an element Mn is used as an 
antiferromagnetic layer, a large exchange anisotropic magnetic field can be 
generated, and a magnetoresistance effect element using the exchange 
coupling film. 

SOLUTION: An exchange coupling film is formed such that an 
antiferromagnetic layer 4 is formed of an X-Mn ((X) is a platinum group 
element.) layer and the compositional ratio of the (X) is regulated properly, 
whereby the interfacial structure between the layer 4 and a fixed magnetic 
layer 3 is put in a non-aligned form, and in the state, the layer 4 is 
subjected to heat treatment, whereby the crystal structure of the layer 4 is 
transformed so that a large exchange anisotropic magnetic field can be 
obtained. Thereby, it is possible to further improve the regenerating 
characteristics of the exchange coupling film in comparison with those of 
the conventional methods. 
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CLAIMS 



[Claim(s)] 

[Claim 1] By an antiferromagnetism layer and a ferromagnetic layer touching, forming them and performing heat treatment In the 
switched connection film with which an exchange anisotropy field occurs in the interface of said antiferromagnetism layer and 
ferromagnetic layer, and the magnetization direction of said ferromagnetic layer is fixed in the fixed direction said 
antiferromagnetism layer Switched connection film characterized by being formed with the antiferromagnetism ingredient which 
contains Elements X (however, X is any one sort or two sorts or more of elements among Pt, Pd, Ir, Rh, Ru, and Os), and Mn at 
least, and the interface structure of said antiferromagnetism layer and ferromagnetic layer being in a disconformity condition. 
[Claim 2] Switched connection film according to claim 1 with which a part of [ at least ] crystal structures of said 
antiferromagnetism layer after heat treatment serve as a face-centered square superlattice of L10 mold. 

[Claim 3] Switched connection film according to claim 1 or 2 with which the crystal orientation of said antiferromagnetism layer 
and a ferromagnetic layer differs in the interface of said antiferromagnetism layer and ferromagnetic layer. 
[Claim 4] The amount of preferred orientation of the [111] sides of said antiferromagnetism layer is switched connection film 
according to claim 3 which is smaller than the amount of preferred orientation of said ferromagnetic layer, or serves as non- 
orientation to the {1 1 1 J sides of said ferromagnetic layer carrying out priority orientation in the direction parallel to an interface 
with said antiferromagnetism layer. 

[Claim 5] The amount of preferred orientation of the {1 1 1} sides of said ferromagnetic layer is switched connection film according 
to claim 3 which is smaller than the amount of preferred orientation of said antiferromagnetism layer, or serves as non- 
orientation to the {1 1 1) sides of said antiferromagnetism layer carrying out priority orientation in the direction parallel to an 
interface with said ferromagnetic layer. 

[Claim 6] Both the amount of preferred orientation of the {111} sides of said antiferromagnetism layer to a direction parallel to 
the interface of said antiferromagnetism layer and ferromagnetic layer and the amount of preferred orientation of the {111} sides 
of said ferromagnetic layer are switched connection film according to claim 3 with which it is small, or has become non- 
orientation, priority orientation of the crystal faces other than the aforementioned {111} sides is carried out in the direction 
parallel to an interface, and the crystal orientation of an antiferromagnetism layer and a ferromagnetic layer differs. 
[Claim 7] It is the switched connection film according to claim 1 to 6 whose element X said antiferromagnetism layer is formed 
with a X-Mn alloy, and is Pt 

[Claim 8] the ratio of the lattice constants a and c of said antiferromagnetism [ said antiferromagnetism layer is formed with a 
PtMn alloy, and ] layer after heat treatment — the switched connection film according to claim 7 whose c/a is within the limits 
of 0.93-0.99. 

[Claim 9] Said antiferromagnetism layer is a X-Mn-X* alloy (however, X). It is formed, the inside of Pt, Pd, Ir, Rh, Ru, and Os — 
any one sort or two sorts or more of elements — it is — said X-Mn-X* alloy Switched connection film according to claim 1 to 6 
a part of whose lattice point of the crystal lattice which consists of elements X and Mn it is the interstitial solid solution by which 
element X* trespassed upon the clearance between the space lattices which consist of elements X and Mn, or is the substitution 
solid solution permuted by element X'. 

[Claim 10] The element X of the X-Mn-X' alloy used as said antiferromagnetism layer is switched connection film according to 
claim 9 which is Pt. 

[Claim 11] Said element X* Ne, Ar, Kr, Xe, Be, B, C, N, Mg, aluminum, Si, P, Ti, V, Cr, Fe, Co. nickel, Cu, Zn, Ga, germanium, Zr, Nb, 
Mo, Ag, Cd, Ir, Sn, Hf, Ta, W, Re, Au, Pb, And switched connection film according to claim 9 or 10 which is one sort or two sorts 
or more of elements among rare earth elements. 

[Claim 12] Said element X* is switched connection film according to claim 1 1 which is one sort or two sorts or more of elements 
among Ne, Ar, Kr, and Xe. 

[Claim 13] The presentation ratio of said element X' is switched connection film according to claim 9 to 12 which is at% and is 
within the limits of 0.2-10. 

[Claim 14] The presentation ratio of said element X' is switched connection film according to claim 13 which is at% and is within 
the limits of 0.5-5. 

[Claim 15] X:Mn is switched connection film of a presentation ratio with Elements X and Mn according to claim 13 or 14 which is 
within the limits of 4:6-6:4 comparatively. 

[Claim 16] The X-Mn-X' alloy used as said antiferromagnetism layer is switched connection film according to claim 9 to 15 
formed of a spatter. 

[Claim 1 7] It is the switched connection film given in either of claims 1 , 7, and 8 which said antiferromagnetism layer is formed 
with a X-Mn alloy (however, X is any one sort or two sorts or more of elements among Pt, Pd, Ir, Rh, Ru, and Os), said 
antiferromagnetism layer is formed on the ferromagnetic layer, and the presentation ratio of X of a X-Mn alloy is at%, and are 
within the limits of 47-57. 

[Claim 18] Said antiferromagnetism layer is a X-Mn-X' alloy (however, X). They are any one sort or two sorts or more of 
elements among Pt, Pd, Ir, Rh, Ru, and Os. X' Ne, Ar, Kr, Xe, Be, B, C, N, Mg, aluminum, Si, P. Ti, V, Cr, Fe, Co, nickel, Cu, Zn, Ga t 
germanium, Zr, Nb, Mo, Ag, Cd, Ir, Sn, Hf, Ta, W, Re, Au, Pb, and the inside of rare earth elements — one sort or two sorts or 
more of elements — it is — the switched connection film according to claim 1 3 to 15 which it is formed, said antiferromagnetism 
layer is formed on the ferromagnetic layer, and the presentation ratio of X+X' of a X-Mn-X' alloy is at%, and is within the limits of 
47-57. 
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[Claim 1 9] The presentation ratio of X of a X-Mn alloy or the presentation ratio of X+X' of a X-Mn-X' alloy is switched 
connection film according to claim 17 or 18 which is at% and is within the limits of 50-56. 

[Claim 20] It is the switched connection film given in either of claims 1, 7, and 8 which said antiferromagnetism layer is formed 
with a X-Mn alloy (however, X is any one sort or two sorts or more of elements among Pt, Pd, Ir, Rh, Ru, and Os), said 
antiferromagnetism layer is formed in the bottom of a ferromagnetic layer, and the presentation ratio of X of a X-Mn alloy is at%, 
and are within the limits of 44-57. 

[Claim 21] Said antiferromagnetism layer is a X-Mn-X' alloy (however, X'). Ne, Ar, Kr, Xe, Be, B, C, N, Mg, aluminum, Si, P, Ti, V, 
Cr, Fe, Co, nickel, Cu, Zn, Ga, germanium, Zr, Nb, Mo, Ag, Cd, Ir, Sn, Hf, Ta, W, Re, Au, Pb, and the inside of rare earth elements - 
- one sort or two sorts or more of elements — it is — the switched connection film according to claim 13 to 15 which it is 
formed, said antiferromagnetism layer is formed in the bottom of a ferromagnetic layer, and the presentation ratio of X+X' of a X- 
Mn-X' alloy is at%, and is within the limits of 44-57. 

[Claim 22] The presentation ratio of X of a X-Mn alloy or the presentation ratio of X+X' of a X-Mn-X' alloy is switched 
connection film according to claim 20 or 21 which is at% and is within the limits of 46-55. 

[Claim 23] An antiferromagnetism layer and the fixed magnetic layer to which it is formed in in contact with this 
antiferromagnetism layer, and the magnetization direction is fixed by the exchange anisotropy field with said antiferromagnetism 
layer, The free magnetic layer formed in said fixed magnetic layer through the nonmagnetic conductive layer, The bias layer which 
arranges the magnetization direction of said free magnetic layer in the magnetization. direction of said fixed magnetic layer, and 
the crossing direction, It has a fixed magnetic layer, a nonmagnetic conductive layer, and the conductive layer that gives a 
detection current to a free magnetic layer. The magneto-resistive effect component characterized by forming the fixed magnetic 
layer formed in contact with said antiferromagnetism layer and this antiferromagnetism layer with the switched connection film 
indicated by either claim 1 thru/or claim 22. 

[Claim 24] The magneto-resistive effect component according to claim 23 currently formed with the switched connection film 
with which spacing of the width of recording track Tw was vacated for said free magnetic layer top or bottom, the laminating of 
the antiferromagnetism layer was carried out, and said antiferromagnetism layer and free magnetic layer were indicated by either 
claim 1 thru/or claim 22. 

[Claim 25] The nonmagnetic conductive layer to which the laminating of the free magnetic layer was carried out up and down, 
and the fixed magnetic layer located on said one nonmagnetic conductive layer and under the nonmagnetic conductive layer of 
another side, It is located on said one fixed magnetic layer and under the fixed magnetic layer of another side. The 
antiferromagnetism layer which fixes the magnetization direction of each fixed magnetic layer in the fixed direction by the 
exchange anisotropy field, It has the bias layer which arranges the magnetization direction of said free magnetic layer in the 
magnetization direction of said fixed magnetic layer, and the crossing direction. The magneto-resistive effect component 
characterized by forming the fixed magnetic layer formed in contact with said antiferromagnetism layer and this 
antiferromagnetism layer with the switched connection film indicated by either claim 1 thru/or claim 22. 

[Claim 26] The magneto-resistive effect component characterized by having the magnetic-reluctance layer and soft magnetism 
layer which were piled up through the non-magnetic layer, vacating spacing of the width of recording track Tw for said magnetic- 
reluctance layer top or bottom, forming an antiferromagnetism layer, and forming said antiferromagnetism layer and magnetic- 
reluctance layer with the switched connection film indicated by either claim 1 thru/or claim 22. 

[Claim 27] The thin film magnetic head characterized by the thing of the magneto-resistive effect component indicated by claim 
23 thru/or either of 26 for which the shielding layer is formed through the gap layer up and down. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] By the exchange anisotropy field which this invention consists of an antiferromagnetism layer and a 
ferromagnetic layer, and is generated in the interface of said antiferromagnetism layer and ferromagnetic layer The switched 
connection film with which the magnetization direction of said ferromagnetic layer is fixed in the fixed direction is started. When 
said especially antiferromagnetism layer is formed with the antiferromagnetism ingredient containing Elements X (Pt, Pd, etc.) and 
Mn, it is related with the switched connection film which enabled it to acquire a larger exchange anisotropy field, and the 
magneto-resistive effect component (a spin bulb mold thin film, AMR component) using this switched connection film. 
[0002] 

[Description of the Prior Art] A spin bulb mold thin film is one sort using giant magneto-resistance of a GMR (giant 
magnetoresi stive) component, and detects the record field from record media, such as a hard disk. This spin bulb mold thin film 
has the point which was excellent in some — also in a GMR component, structure is comparatively simple and, moreover, 
resistance changes by the weak field. 

[0003] Said spin bulb mold thin film is the simplest structure, and consists of an antiferromagnetism layer, a fixed magnetic layer, 
a nonmagnetic conductive layer, and a free magnetic layer, the exchange anisotropy field which said antiferromagnetism layer and 
fixed magnetic layer touch, and it is formed, and is generated in the interface of said antiferromagnetism layer and fixed magnetic 
layer — the magnetization direction of said fixed magnetic layer — the fixed direction — a single domain — it is-izing and fixed. 
Magnetization of a free magnetic layer is arranged in the magnetization direction of said fixed magnetic layer, and the crossing 
direction by the bias layer formed in the both sides. 

[0004] Generally the Co-Pt (cobalt-platinum) alloy film etc. is used for Cu (copper) film and a bias layer by the Fe-Mn (iron- 
manganese) alloy film or the nickel-Mn (nickel-manganese) alloy film, the fixed magnetic layer, and the free magnetic layer at the 
nickel-Fe (nickel-iron) alloy film and the nonmagnetic conductive layer 3 at said antiferromagnetism layer. 

[0005] In this spin bulb mold thin film, if the magnetization direction of said free magnetic layer is changed, electric resistance will 
change with the leakage fields from record media, such as a hard disk, by relation with the fixed magnetization direction of a fixed 
magnetic layer, and the leak field from a record medium is detected by the electrical-potential-difference change based on this 
electric resistance value change. 

[0006] By the way, although the Fe-Mn alloy film and the nickel-Mn alloy film are used for an antiferromagnetism layer as 
mentioned above, the Fe-Mn alloy film has low corrosion resistance, and an exchange anisotropy field is small and blocking 
temperature is low with about 150 degrees C further. The problem that an exchange anisotropy field will disappear occurs by the 
rise of the chip temperature under the production process of a head, and head actuation because blocking temperature is low. 
On the other hand, compared with the Fe-Mn alloy film, the nickel-Mn alloy film has a comparatively large exchange anisotropy 
field, and, moreover, its blocking temperature is as high as about 300 degrees C. Therefore, it is more desirable to use the nickel- 
Mn alloy film for an antiferromagnetism layer rather than the Fe-Mn alloy film. 

[0007] Moreover, B.Y.Wong, C.Mitsumata, S.Prakash, D.E.Laughlin, and T.KobayashfcJournalof Applied The interface structure of 
said antiferromagnetism layer and fixed magnetic layer (NiFe alloy film) at the time of using the nickel-Mn alloy film as an 
antiferromagnetism layer is reported to Phsysics, vol.79, No10, and p.7896-p.7904 (1996). 

[0008] This paper "the crystal adjustment condition in a NiFe/NiMn interface is maintained, and it is growing up so that the (111) 
sides of both NiFe and NiMn may become parallel to a film surface. The adjustment distortion by the interface is eased by 
introducing much twin crystal which makes a field parallel to a film surface a twin plane. However, regulation-ization of NiMn near 
the interface is low controlled by extant interface distortion, and whenever [ regulation-ized ] is high by it in the location distant 
from the interface. It is indicated as " . 

[0009] In addition, the thing in the condition that the atom of an antiferromagnetism layer and a fixed magnetic layer corresponds 
by 1 to 1 is said, and disconformity says conversely the thing in the condition that there is no atom of the antiferromagnetism 
layer and fixed magnetic layer in an interface in the physical relationship of a pair. [ in / in adjustment / an interface ] 
[0010] Although an exchange anisotropy field occurs in the interface of a NiMn alloy and a fixed magnetic layer by performing 
heat treatment when an antiferromagnetism layer is formed with a NiMn alloy, a NiMn alloy depends this on metamorphosing into 
a superlattice from an irregular grid by performing heat treatment. 

[001 1] If heat treatment is performed although the crystal structure of a NiMn alloy is a face-centered cubic lattice (henceforth 
an irregular grid) with the irregular array sequence of nickel and Mn atom before heat treatment is performed, the crystal 
structure will metamorphose into a face centred tetragonal lattice from a face-centered cubic lattice, and, moreover, an atomic 
location will regulation-ize it (henceforth a superlattice). in addition, the ratio of the lattice constants a and c of the nickel-Mn 
alloy film when the crystal structure becomes a superlattice completely — c/a is 0.942. 

[0012] Thus, since lattice constant ratio c/a of the NiMn alloy film which became a superlattice completely is a value 
comparatively near 1, even if it is comparatively small, therefore the interface structure of the NiMn alloy film and a fixed 
magnetic layer is in an adjustment condition, by performing heat treatment, a NiMn alloy metamorphoses into a superlattice from 
an irregular grid, and an exchange anisotropy field generates the grid distortion by the interface produced when metamorphosing 
into a superlattice from an irregular grid. In addition, the grid distortion in an interface is eased to some extent with twin crystal 
as indicated by the paper mentioned above. 

[0013] [Problem(s) to be Solved by the Invention] As mentioned above, although as for the NiMn alloy the exchange anisotropy 



http://www4jpdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



2006/02/09 



JP f 11-191647,A [DETAILED DESCRIPTION] 



2/13 ^— V 



field has become , and blocking temperature has also become as high as about 300 degrees C and it had the property which was 
excellent compared with the conventional FeMn alloy, it was not able to say comparatively that it was enough like the FeMn alloy 
about corrosion resistance. 

[0014] So, recently, it excels in corrosion resistance, moreover a larger exchange anisotropy field than a NiMn alloy is generated, 
and the X-Mn alloy (X=Pt, Pd, Ir, Rh t Ru, Os) using platinum group metals as an antiferromagnetism ingredient which has high 
blocking temperature is capturing the spotlight. If the X-Mn alloy containing platinum group metals is used as an 
antiferromagnetism layer, a playback output can be raised compared with the former, and an exchange anisotropy field will be 
extinguished and it will be hard coming to also generate the fault that reproducing characteristics fall, by the rise of the chip 
temperature at the time of head drive actuation. 

[0015] By the way, when the X-Mn alloy containing these platinum group metals is used as an antiferromagnetism layer, in order 
to generate an exchange anisotropy field, it is necessary to perform a membrane formation postheat treatment like the case 
where a NiMn alloy is used as an antiferromagnetism layer. According to the reference which was mentioned above in the case of 
the NiMn alloy, it was indicated that the interface structure with a fixed magnetic layer (NiFe alloy) was in an adjustment 
condition, but it turned out that an exchange anisotropy field hardly occurs even if it will heat-treat also in a X~Mn alloy (X is 
platinum group metals), if interface structure with a fixed magnetic layer is similarly made into the adjustment condition. 
[001 6] This invention is for solving the above-mentioned conventional technical problem, and when the antiferromagnetism 
ingredient containing Elements X (X is platinum group metals) and Mn is used as an antiferromagnetism layer, it relates to the 
switched connection film which enabled it to generate a large exchange anisotropy field, and the magneto-resistive effect 
component using this switched connection film. 
[0017] 

[Means for Solving the Problem] This invention by an antiferromagnetism layer and a ferromagnetic layer touching, forming them 
and performing heat treatment In the switched connection film with which an exchange anisotropy field occurs in the interface of 
said antiferromagnetism layer and ferromagnetic layer, and the magnetization direction of said ferromagnetic layer is fixed in the 
fixed direction said antiferromagnetism layer It is formed with the antiferromagnetism ingredient which contains Elements X 
(however, X is any one sort or two sorts or more of elements among Pt, Pd, Ir, Rh, Ru, and Os), and Mn at least, and interface 
structure of said antiferromagnetism layer and ferromagnetic layer is characterized by being in a disconformity condition. 
[0018] Moreover, it is desirable that a part of [ at least ] crystal structures of said antiferromagnetism layer after heat treatment 
serve as a face-centered square superlattice of L10 mold. It is desirable that the crystal orientation of said antiferromagnetism 
layer and a ferromagnetic layer furthermore differs according to the interface of said antiferromagnetism layer and ferromagnetic 
layer by this invention. 

[0019] In this invention, to the (111) sides of said ferromagnetic layer carrying out priority orientation in the direction parallel to 
an interface with said antiferromagnetism layer, the amount of preferred orientation of the {111} sides of said antiferromagnetism 
layer is smaller than the amount of preferred orientation of said ferromagnetic layer, or serves as non-orientation. 
[0020] Or to the {111} sides of said antiferromagnetism layer carrying out priority orientation in the direction parallel to an 
interface with said ferromagnetic layer, the amount of preferred orientation of the {111} sides of said ferromagnetic layer is 
smaller than the amount of preferred orientation of said antiferromagnetism layer, or serves as non-orientation. 
[0021] Or both the amount of preferred orientation of the {111} sides of said antiferromagnetism layer to a direction parallel to 
the interface of said antiferromagnetism layer and ferromagnetic layer and the amount of preferred orientation of the {111} sides 
of said ferromagnetic layer are small, or serve as non-orientation, priority orientation of the crystal faces other than the 
aforementioned {111} sides is carried out in the direction parallel to an interface, and the crystal orientation of an 
antiferromagnetism layer and a ferromagnetic layer differs. 

[0022] Moreover, in this invention, said antiferromagnetism layer is formed with a X-Mn alloy, and, as for Element X, it is desirable 
that it is Pt. furthermore, the ratio of the lattice constants a and c of said antiferromagnetism layer after heat treatment when 
said antiferromagnetism layer is formed with a PtMn alloy — as for c/a, it is desirable that it is within the limits of 0.93-0.99. 
[0023] Or at this invention, said antiferromagnetism layer is a X-Mn-X' alloy (however, X). It is formed, the inside of Pt, Pd, Ir, Rh, 
Ru, and Os — any one sort or two sorts or more of elements — it is — said X-Mn-X' alloy It is the interstitial solid solution by 
which element X' trespassed upon the clearance between the space lattices which consist of elements X and Mn, or a part of 
lattice point of the crystal lattice which consists of elements X and Mn is the substitution solid solution permuted by element X\ 
Especially the element X of the X-Mn-X' alloy used as said antiferromagnetism layer is Pt, i.e., being formed with the Pt-Mn-X' 
alloy is [ said antiferromagnetism layer ] desirable. 

[0024] In this invention, in addition, element X' of the X-Mn-X' alloy used as said antiferromagnetism layer Ne, Ar, Kr, Xe, Be, B, 
C, N, Mg, aluminum, Si, P, Ti, V, Cr, Fe, Co, nickel, Cu, Zn, Ga, germanium, Zr, Nb, Mo, Ag. Cd, Ir, Sn, Hf, Ta, W, Re, Au, Pb, And it 
is desirable that they are one sort or two sorts or more of elements among rare earth elements, and said element X* is one sort 
or two sorts or more of elements among Ne, Ar, Kr, and Xe more preferably. 

[0025] Moreover, in this invention, when said antiferromagnetism layer is formed with a X-Mn-X' alloy, it is desirable that the 
presentation ratio of X' is at% and it is within the limits of 0.2-10, and it is within the limits of 0.5-5 more preferably. 
[0026] When said antiferromagnetism layer is furthermore formed with a X-Mn-X' alloy by this invention, as for X:Mn, it is 
comparatively desirable that it is [ of a presentation ratio with Elements X and Mn ] within the limits of 4:6-6:4. In addition, as for 
the X-Mn-X' alloy used as said antiferromagnetism layer, being formed of a spatter is desirable. 

[0027] In this invention, said antiferromagnetism layer is formed with a X-Mn alloy (however, X is any one sort or two sorts or 
more of elements among Pt, Pd, Ir, Rh, Ru, and Os), said antiferromagnetism layer is formed on the ferromagnetic layer, it is at% 
and, as for the presentation ratio of X of a X-Mn alloy, it is desirable that it is within the limits of 47-57. 

[0028] Moreover, at this invention, said antiferromagnetism layer is a X-Mn-X' alloy (however, X). They are any one sort or two 
sorts or more of elements among Pt, Pd, Ir, Rh, Ru, and Os. X' Ne, Ar, Kr, Xe, Be, B, C, N, Mg, aluminum, Si, P, Ti, V, Cr, Fe, Co, 
nickel, Cu, Zn, Ga, germanium, Zr, Nb, Mo, Ag, Cd, Ir, Sn, Hf, Ta, W, Re, Au, Pb, and the inside of rare earth elements — one sort 
or two sorts or more of elements — it is — it is formed and said antiferromagnetism layer is formed on the ferromagnetic layer, 
it is at% and, as for the presentation ratio of X+X' of a X-Mn-X* alloy, it is desirable that it is within the limits of 47-57. 
[0029] It is more more desirable still that the presentation ratio of X of a X-Mn alloy or the presentation ratio of X+X' of a X- 
Mn-X' alloy is at%, and it is within the limits of 50-56 in this invention. 

[0030] In this invention, said antiferromagnetism layer is formed with a X-Mn alloy (however, X is any one sort or two sorts or 
more of elements among Pt, Pd, Ir, Rh, Ru, and Os), said antiferromagnetism layer is formed in the bottom of a ferromagnetic 
layer, it is at% and, as for the presentation ratio of X of a X-Mn alloy, it is desirable that it is within the limits of 44-57. 
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[0031] Moreover, at this invention, said antiferromagnetism layer is a X-Mn-X' alloy (however, X'). Ne, Ar, Kr, Xe, Be, B, C, N, Mg, 
aluminum. Si, P, Ti, V, Cr, Fe, Co, nickel, Cu, Zn, Ga, germanium, Zr, Nb, Mo, Ag, Cd, Ir, Sn, Hf, Ta, W, Re, Au, Pb, and the inside of 
rare earth elements — one sort or two sorts or more of elements — it is — it is formed and said antiferromagnetism layer is 
formed in the bottom of a ferromagnetic layer, it is at% and, as for the presentation ratio of X+X' of a X-Mn-X' alloy, it is 
desirable that it is within the limits of 44-57. 

[0032] It is more more desirable still that the presentation ratio of X of a X-Mn alloy or the presentation ratio of X+X' of a X- 
Mn-X' alloy is at%, and it is within the limits of 46-55 in this invention. 

[0033] The switched connection film formed as mentioned above is usable for various magneto-resistive effect components in 
this invention. First the single spin bulb mold thin film in this invention An antiferromagnetism layer and the fixed magnetic layer 
to which it is formed in in contact with this antiferromagnetism layer, and the magnetization direction is fixed by the exchange 
anisotropy field with said antiferromagnetism layer, The free magnetic layer formed in said fixed magnetic layer through the 
nonmagnetic conductive layer, The bias layer which arranges the magnetization direction of said free magnetic layer in the 
magnetization direction of said fixed magnetic layer, and the crossing direction. It has a fixed magnetic layer, a nonmagnetic 
conductive layer, and the conductive layer that gives a detection current to a free magnetic layer, and the fixed magnetic layer 
formed in contact with said antiferromagnetism layer and this antiferromagnetism layer is characterized by being formed with the 
switched connection film mentioned above. 

[0034] Moreover, in this invention, spacing of the width of recording track Tw may be vacated for the above-mentioned single 
spin bulb mold thinHilm the top or the bottom of a free magnetic layer, an antiferromagnetism layer may be formed, and said 
antiferromagnetism layer and free magnetic layer may be formed with the switched connection film mentioned above. 
[0035] Moreover, the dual spin bulb mold thin film in this invention The nonmagnetic conductive layer to which the laminating of 
the free magnetic layer was carried out up and down, and the fixed magnetic layer located on said one nonmagnetic conductive 
layer and under the nonmagnetic conductive layer of another side, It is located on said one fixed magnetic layer and under the 
fixed magnetic layer of another side. The antiferromagnetism layer which fixes the magnetization direction of each fixed magnetic 
layer in the fixed direction by the exchange anisotropy field, It has the bias layer which arranges the magnetization direction of 
said free magnetic layer in the magnetization direction of said fixed magnetic layer, and the crossing direction, and the fixed 
magnetic layer formed in contact with said antiferromagnetism layer and this antiferromagnetism layer is characterized by being 
formed with the switched connection film mentioned above. 

[0036] Furthermore, the AMR component in this invention is characterized by having the magnetic-reluctance layer and soft 
magnetism layer which were piled up through the non-magnetic layer, vacating spacing of the width of recording track Tw for said 
magnetic-reluctance layer top or bottom, forming an antiferromagnetism layer, and forming said antiferromagnetism layer and 
magnetic-reluctance layer with the switched connection film mentioned above. Moreover, the thin film magnetic head in this 
invention is characterized by the thing of the magneto-resistive effect component mentioned above for which the shielding layer 
is formed through the gap layer up and down. 

[0037] When the antiferromagnetism ingredient which contains Elements X (any one sort or two sorts or more of elements among 
[ X= ] Pt, Pd, Ir, Rh, Ru, and Os) and Mn at least is used as an antiferromagnetism layer, it enables it to acquire an exchange 
anisotropy field to fitness by making interface structure with a ferromagnetic layer into a disconformity condition in this 
invention. 

[0038] The reason for making interface structure with a ferromagnetic layer into a disconformity condition is for making the 
crystal structure of an antiferromagnetism layer metamorphose into a superlattice from an irregular grid at fitness, and 
generating a larger exchange anisotropy field, when heat-^treating. Below, the relation of said disconformity condition and 
exchange anisotropy field is explained in full detail. 

[0039] First, although a disconformity condition means that the atom by the side of said antiferromagnetism layer and the atom 
by the side of a ferromagnetic layer do not correspond to 1 to 1 , but atomic physical relationship differs in the interface of an 
antiferromagnetism layer and a ferromagnetic layer, in order to make interface structure into a disconformity condition in this 
way, it is necessary to control the lattice constant of the antiferromagnetism layer before heat treatment to fitness. 
[0040] In this invention, said antiferromagnetism layer is formed for example, with a X-Mn alloy (any one sort or two sorts or 
more of elements among [ However, X ] Pt, Pd, Ir, Rh, Ru, and Os). 

[0041] He chooses the presentation ratio of X of said X-Mn alloy as fitness, and is trying for the difference of the value of the 
lattice constant of the X-Mn alloy before heat treatment and the value of the lattice constant of a ferromagnetic layer (for 
example, NiFe alloy) to become large in this invention. 

[0042] Although the array sequence of X and Mn atom both serves as an irregular face-centered cubic lattice (henceforth an 
irregular grid), the crystal structure of a X-Mn alloy and the crystal structure of a ferromagnetic layer in a membrane formation 
phase (before heat treatment) Since the difference of the lattice constant of a X-Mn alloy and the lattice constant of a 
ferromagnetic layer is enlarged as mentioned above in this invention, the interface structure of the X-Mn alloy in a membrane 
formation phase (before heat treatment) and a ferromagnetic layer will be easy to be in a disconformity condition. 
[0043] Thus, although the interface condition of an antiferromagnetism layer and a ferromagnetic layer is changed into the 
disconformity condition by choosing the presentation ratio of Element X proper in this invention when a X-Mn alloy (X is Pt, Pd, 
etc.) is used as an antiferromagnetism layer Furthermore by this invention, it is possible to be able to enlarge the lattice constant 
of an antiferromagnetism layer and to change the interface structure of said antiferromagnetism layer and ferromagnetic layer 
into a disconformity condition by making a X-Mn alloy contain element X\ such as rare-gas elements (Ne, Ar, etc.). 
[0044] Moreover, it is desirable to make it the crystal orientation of a X-Mn alloy or an X-Mn-X' alloy, and a ferromagnetic layer 
differ in this invention. The crystal amount of preferred orientation can be changed by terms and conditions, such as existence or 
nonexistence of a substrate layer, and a presentation ratio, power gas pressure at the time of spatter membrane formation, or 
the membranous order of a laminating. 

[0045] Thus, it is because interface structure will stop being able to grow into a disconformity condition easily if for example, the 
{111} sides of a ferromagnetic layer carry out priority orientation of making it the crystal orientation of a X-Mn alloy or a X~Mn- 
X* alloy, and a ferromagnetic layer differ in parallel with a film surface and the {1 1 1j sides of a X-Mn alloy or an X-Mn-X' alloy are 
carrying out priority orientation in parallel with a film surface similarly. 

[0046] So, in this invention, when the {111] sides of a ferromagnetic layer are carrying out priority orientation in the direction 
parallel to an interface with an X-Mn alloy or a X-Mn-X' alloy, for example, the amount of preferred orientation of the {1 1 1} sides 
of a X-Mn alloy or a X-Mn-X' alloy is smaller than the amount of preferred orientation of said ferromagnetic layer, or it is 
controlling to fitness so that it may become non-orientation, and becomes possible [ maintaining interface structure at a 
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disconformity condition ]. 

[0047] As mentioned above, although an exchange anisotropy field occurs in the interface of a X~Mn alloy or a X-Mn-X' alloy, 
and a ferromagnetic layer by performing heat treatment after carrying out the laminating of a X-Mn alloy or a X-Mn-X' alloy, and 
the ferromagnetic layer so that interface structure may be in a disconformity condition The crystal structure of a X-Mn alloy or 
an X-Mn-X' alloy depends generating of this exchange anisotropy field on metamorphosing into the face centred tetragonal 
lattice decided by the array sequence of X and Mn atom having regularity from said irregular phase. 

[0048] In addition, in this invention, said face centred tetragonal lattice is the so-called LI 0 type of face centred tetragonal 
lattice (henceforth a superlattice) which X atom occupies the core of the 4th page of a side face among the 6th page of a unit 
lattice, and Mn atom occupies at the core of the corner of a unit lattice, a top face, and an inferior surface of tongue, and a part 
of [ at least ] crystal structures of the X-Mn alloy after heat treatment or a X-Mn-X' alloy need to serve as said superlattice. 
[0049] As mentioned above, although the crystal structure of a X-Mn alloy or an X-Mn-X' alloy metamorphoses into a 
superlattice from an irregular grid and a switched connection field occurs by heat-treating, as for grid distortion produced in the 
case of this transformation, the direction of a X-Mn alloy or a X-Mn-X' alloy is large compared with the NiMn alloy. 
[0050] In this invention, as mentioned above, the interface structure of the X-Mn alloy before heat treatment or an X-Mn-X' 
alloy, and a ferromagnetic layer changes into a disconformity condition fitness-izing the presentation ratio of a X-Mn alloy, or by 
adding element X' as the 3rd element into a X-Mn alloy. 

[0051] If the interface structure of an antiferromagnetism layer and a ferromagnetic layer is changed into a disconformity 
condition, by heat-treating, the crystal structure of an X-Mn alloy or a X-Mn-X' alloy will become easy to metamorphose into a 
superlattice from an irregular grid, therefore a big exchange anisotropy field will generate it in said interface. In addition, X-Mn 
alloys (X=Pt, Pd, etc.) or X-Mn-X' alloys (X - Ne, Ar, etc.) have the property which was excellent in corrosion resistance 
compared with the FeMn alloy, the NiMn alloy, etc., and was excellent compared with the FeMn alloy etc. as an 
antiferromagnetism ingredient — blocking temperature is also high and an exchange anisotropy field (Hex) is still larger. 
Moreover, it is desirable to choose Pt as the element X which constitutes a X-Mn alloy or a X-Mn-X' alloy from this invention. 
[0052] The switched connection film which consists of the antiferromagnetism layer formed with the X-Mn alloy explained in full 
detail above or the X-Mn-X' alloy and a ferromagnetic layer can be applied to a magneto-resistive effect component. 
[0053] In this invention, the antiferromagnetism layer and fixed magnetic layer of a single spin bulb mold thin film and a dual spin 
bulb mold thin film are formed with said switched connection film, for example as said magneto-resistive effect component. It is 
possible to acquire the reproducing characteristics which became possible [ fixing magnetization of said fixed magnetic layer in 
the fixed direction firmly ] by this, and were excellent compared with the former. 

[0054] Moreover, when arranging the magnetization direction of the free magnetic layer of for example, a single spin bulb mold 
thin film, or the magneto-resistive effect component layer of the AMR component in the fixed direction with an exchange bias 
method, an exchange bias layer, a free magnetic layer or an exchange bias layer, and a magnetic-reluctance layer may be formed 
with said switched connection film. It is possible for this to become possible to arrange magnetization of said free magnetic layer 
and a magnetic-reluctance layer with fitness in the fixed direction, and to acquire outstanding reproducing characteristics. 
[0055] 

[Embodiment of the Invention] Drawing 1 is the sectional view which looked at the structure of the single spin bulb mold thin film 
of the 1st operation gestart of this invention from the ABS side side. In addition, drawing 1 fractures and shows only the central 
part of the component prolonged in the direction of X. This single spin bulb mold thin film is prepared in the trailing side edge 
section of the surfacing type slider formed in the hard disk drive unit etc., and detects record fields, such as a hard disk. In 
addition, the migration direction of magnetic-recording media, such as a hard disk, is a Z direction, and the direction of the leak 
field from a magnetic-recording medium is the direction of Y. 

[0056] The substrate layer 6 formed by non-magnetic materials, such as Ta (tantalum), is formed in the bottom of drawing 1 . 
The laminating of the free magnetic layer 1 , the nonmagnetic conductive layer 2, the fixed magnetic layer 3, and the 
antiferromagnetism layer 4 is carried out on this substrate layer 6. And the protective layers 7, such as Ta (tantalum), are formed 
on said antiferromagnetism layer 4. 

[0057] Moreover, as shown in drawing 1 . the hard bias layers 5 and 5 are formed in the both sides of six layers from the 
substrate layer 6 to a protective layer 7, and the laminating of the conductive layers 8 and 8 is carried out on said hard bias 
layers 5 and 5. 

[0058] In this invention, said free magnetic layer 1 and the fixed magnetic layer 3 are formed with a NiFe alloy, a CoFe alloy, Co 
alloy, Co, a CoNiFe alloy, etc. in addition, although the free magnetic layer 1 comes out further and it is formed as shown in 
drawing 1 , this may be formed by multilayer structure. That is, the structure where said free magnetic layer 1 may have the 
structure where the laminating of for example, a NiFe alloy and the CoFe alloy was carried out, and the laminating of a NiFe alloy 
and the Co was carried out is sufficient. 

[0059] The nonmagnetic conductive layer 2 which intervenes between said free magnetic layers 1 and fixed magnetic layers 3 is 
formed by Cu. Furthermore, the hard bias layers 5 and 5 are formed with for example, the Co-Pt (cobalt-platinum) alloy, the Co- 
Cr-Pt (cobalt chrome-platinum) alloy, etc., and conductive layers 8 and 8 are formed by Cu (copper), W (tungsten), Cr 
(chromium), etc. 

[0060] In this invention, the antiferromagnetism layer 4 currently formed on the fixed magnetic layer 3 is formed at least with the 
antiferromagnetism ingredient containing Elements X (however, X is any one sort or two sorts or more of elements among Pt, Pd, 
Ir, Rh. Ru, and Os), and Mn. 

[0061] In this invention, the interface structure of the fixed magnetic layer 3 and the antiferromagnetism layer 4 which are shown 
in drawing 1 is in the disconformity condition, and a part of [ at least ] crystal structures of said antiferromagnetism layer 4 in an 
interface serve as a face centred tetragonal lattice (henceforth a superlattice) of L1 0 mold. 

[0062] Here, the face centred tetragonal lattice of L10 mold means what X atom (X=Pt, Pd, Ir, Rh, Ru, Os) occupies the core of 
the 4th page of a side face among the 6th page of a unit lattice, and Mn atom occupies at the core of the corner of a unit lattice, 
a top face, and an inferior surface of tongue. 

[0063] Moreover, the interface structure of the fixed magnetic layer 3 and the antiferromagnetism layer 4 is desirable at the 
point that it will tend to be in a disconformity condition in this invention that the crystal orientation of the fixed magnetic layer 3 
and the antiferromagnetism layer 4 differs. 

[0064] drawing 1 — being shown — a single — a bulb — a mold — a thin film — **** — Ta — a substrate — a layer — six 

covering — **** — since — said — a substrate — a layer — six — a top — forming — having — free — a magnetic layer — 
one — nonmagnetic — a conductive layer — two — and — immobilization — a magnetic layer — three — { — 111 — } — a field 
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— a film surface — receiving — being parallel — a direction — priority — orientation — carrying out — **** . 
[0065] On the other hand, the {111} sides of the antiferromagnetism layer 4 formed on said fixed magnetic layer 3 are small 
compared with the amount of preferred orientation of the {111} sides of said fixed magnetic layer 3, or serve as non-orientation. 
That is, the crystal orientation near the interface of the fixed magnetic layer 3 and the antiferromagnetism layer 4 which are 
shown in drawing 1 is a different thing, therefore the structure in said interface will be easy to be in a disconformity condition. 
[0066] Although interface structure of the fixed magnetic layer 3 and the antiferromagnetism layer 4 is made into the 
disconformity condition from the phase before heat treatment in this invention, this is because it is made to metamorphose into 
the superlattice which mentioned above the crystal structure of said antiferromagnetism layer 4 from the irregular grid (face- 
centered cubic lattice) and a fitness exchange anisotropy field can be acquired by heat-treating. If it says and changes and 
interface structure is in an adjustment condition, even if it heat-treats, the crystal structure of said antiferromagnetism layer 4 
cannot metamorphose into a superlattice easily from an irregular grid, therefore the problem that an exchange anisotropy field is 
not acquired will arise. 

[0067] In this invention, said antiferromagnetism layer 4 is formed with the X-Mn alloy (however, X is any one sort or two sorts 
or more of elements among Pt, Pd, Ir, Rh, Ru, and Os). It is desirable that said antiferromagnetism layer 4 is especially formed 
with the PtMn alloy by this invention. The X~Mn alloy, especially the PtMn alloy have the property which is excellent in thermal 
resistance compared with a FeMn alloy, a NiMn alloy, etc. which are used as an antiferromagnetism layer from the former, and 
was excellent as an antiferromagnetism ingredient — blocking temperature is also high and an exchange anisotropy field (Hex) is 
still larger. 

[0068] the ratio of the lattice constants a and c of said antiferromagnetism layer 4 from which a part of [ at least ] crystal 
structures became a superlattice when said antiferromagnetism layer 4 is formed with the PtMn alloy after heat-treating in this 
invention that is, — as for c/a, it is desirable that it is within the limits of 0.93-0.99. the ratio of lattice constants a and c — if 
c/a becomes 0.93 or less — the crystal structure of said antiferromagnetism layer 4 — although all serve as a superlattice 
mostly, if it will be in such a condition, the adhesion of said fixed magnetic layer 3 and antiferromagnetism layer 4 falls, and film 
peeling etc. generates and is not desirable, the ratio of lattice constants a and c — it becomes [ the exchange anisotropy field of 
the crystal structure of said antiferromagnetism layer 4 generated in the interface of said antiferromagnetism layer 4 and fixed 
magnetic layer 3 by all becoming an irregular grid mostly ] small and is not desirable if c/a becomes 0.99 or more. 
[0069] By the way, said antiferromagnetism layer 4 is a X-Mn alloy (however, X). the inside of Pt, Pd, Ir, Rh, Ru, and Os — any 
one sort or two sorts or more of elements — it is — in the phase before heat treatment, in order to make interface structure of 
the fixed magnetic layer 3 and the antiferromagnetism layer 4 into a disconformity condition when formed In this invention, the 
presentation ratio of said X-Mn alloy is set up in the following numeric value. 

[0070] As moreover shown in drawing 1 , when said antiferromagnetism layer 4 is formed with a X-Mn alloy (however, X is any 
one sort or two sorts or more of elements among Pt, Pd, Ir, Rh, Ru, and Os) and said antiferromagnetism layer 4 is formed on the 
fixed magnetic layer 3, the presentation ratio of the element X of a X-Mn alloy is at%, and it is desirable that it is within the limits 
of 47-57. More preferably, the presentation ratio of the element X of a X-Mn alloy is at%, and is within the limits of 50-56. 
[0071] If the antiferromagnetism layer 4 is formed in presentation Hinai mentioned above, the difference of the lattice constant of 
said antiferromagnetism layer 4 of a before [ heat treatment (i.e., the phase where the crystal structure serves as an irregular 
grid) ], and the lattice constant of the fixed magnetic layer 3 can be enlarged, therefore the interface structure of said fixed 
magnetic layer 3 and antiferromagnetism layer 4 can be maintained at a disconformity condition before heat treatment. 
[0072] If it heat-treats in this condition, as the exchange anisotropy field occurred and mentioned above by change of the crystal 
structure of said antiferromagnetism layer 4, the presentation ratio of the presentation ratio of the element X of an X~Mn alloy is 
at%, and it is possible to acquire the exchange anisotropy field more than 400 (Oe: oersted) as it is within the limits of 47-57. 
Moreover, the presentation ratio of the element X of a X-Mn alloy is at%, and it is possible to acquire the exchange anisotropy 
field more than 600 (Oe) as it is within the limits of 50-56. 

[0073] Thus, when a X-Mn alloy is used as an antiferromagnetism layer 4 in this invention, it is possible to maintain the interface 
structure of said antiferromagnetism layer 4 and fixed magnetic layer 3 before heat treatment at a disconformity condition by 
forming within limits which mentioned the presentation ratio of Element X above. Moreover, it is possible by adding element X' as 
the 3rd element into a X-Mn alloy in this invention to be able to enlarge the lattice constant of the antiferromagnetism layer 4 
and to change the interface structure of the antiferromagnetism layer 4 and the fixed magnetic layer 3 before heat treatment 
into a disconformity condition. 

[0074] The X-Mn-X' alloy which added element X' to the X-Mn alloy is the interstitial solid solution by which element X' 
trespassed upon the clearance between the space lattices which consist of elements X and Mn, or a part of lattice point of the 
crystal lattice which consists of elements X and Mn is the substitution solid solution permuted by element X'. The solid solution 
was crossed to the large presentation range, and has pointed out the thing of the solid-state with which the component was 
mixed with homogeneity here. In addition, as for Element X, in this invention, it is desirable that it is Pt. 

[0075] By the way, in this invention, said X-Mn-X' alloy is formed by the spatter. Said X-Mn-X' alloy is formed by non-equilibrium 
by the spatter, and a part of lattice point of the crystal lattice which the formed X-Mn-X' alloy trespasses upon the clearance 
between space lattices where element X' in the film consists of elements X and Mn, or consists of elements X and Mn is 
permuted by element X' by it. thus, said element X' is an invasion mold at the grid of a X-Mn alloy — it is — by dissolving with a 
permutation mold, a grid can be extended and the lattice constant of the antiferromagnetism layer 4 becomes large compared 
with the case where element X' is not added. 

[0076] Moreover, although it is possible to use various elements as element X' in this invention, if a reactant high halogen, O 
(oxygen), etc. are used, these carry out a chemical bond only to Mn alternatively, are considered with it becoming impossible to 
maintain the crystal structure of a face-centered cubic, and are not desirable. Concrete element X' in this invention Ne, Ar, Kr, 
Xe, Be, B, C, N, Mg, aluminum, Si, P, Ti, V, Cr, Fe, Co, nickel, Cu, Zn, Ga, germanium, Zr t Nb, Mo, Ag, Cd, Ir, Sn, Hf, Ta, W, Re, Au, 
Pb, And they are one sort or two sorts or more of elements among rare earth elements (Sc, Y, and lanthanoids (La, Ce, Pr, Nd, 
Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu)). 

[0077] If the presentation ratio of said element X' becomes large too much when using element X' which dissolves especially with 
a permutation mold although the lattice constant of the antiferromagnetism layer 4 can be enlarged by the spatter even if it uses 
any of various element X' which showed above, the property as antiferromagnetism will fall and the switched connection field 
generated in an interface with the fixed magnetic layer 3 will become small. 

[0078] By this invention, it especially dissolves with an invasion mold, and it is supposed that it is desirable to use the rare-gas 
element (one sort or two sorts or more among Ne, Ar, Kr, and Xe) of inert gas as element X'. It is gas by which it is not greatly 
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affected in an antiferromagnetism property even if a rare-gas element contains in the film, since a rare-gas element is inert gas, 
and Ar etc. is further introduced in the sputtering system from the former as sputtering gas, and is only adjusting gas pressure 
and spatter particle energy proper, and Ar can be made to invade into the film easily. 

[0079] In addition, although it is difficult to contain a lot of element X' in the film when the element of a gas system is used for 
element X', in the case of rare gas, minute amount invasion is only carried out into the film, and it is checked by experiment that 
the switched connection field generated by heat treatment can be enlarged by leaps and bounds. 

[0080] In addition, in this invention, the range of the presentation ratio of element X' is set up, and the desirable presentation 
range of said element X* is 0.2 to 10 at at%, is at% more preferably, and is 0.5 to 5. Moreover, as for X:Mn, it is comparatively 
desirable at this time that it is [ of a presentation ratio with Elements X and Mn ] within the limits of 4:6-6:4. It is possible to 
enlarge the switched connection field generated in the interface of the antiferromagnetism layer 4 and the fixed magnetic layer 3 
by being able to enlarge the lattice constant of the antiferromagnetism layer 4 in a membrane formation phase (before heat 
treatment) if it is within the limits and X:Mn is adjusted [ above-mentioned ] comparatively of the presentation ratio of element X' 
and a presentation ratio with Elements X and Mn, and moreover heat-treating compared with the case where element X' is not 
contained. 

[0081] Furthermore at this invention, it is a X-Mn-X' alloy (however, X). They are any one sort or two sorts or more of elements 
among Pt, Pd, Ir, Rh, Ru, and Os. X' Ne, Ar, Kr, Xe, Be, B, C, N, Mg, aluminum, Si, P, Ti, V, Cr. Fe, Co, nickel, Cu, Zn, Ga, 
germanium, Zr, Nb, Mo, Ag, Cd, Ir, Sn, Hf, Ta, W, Re, Au, Pb, As shown in drawing 1 , when the formed antiferromagnetism layer 4 
is formed on the fixed magnetic layer 3, the presentation ratio of X+X' of said X-Mn-X' alloy is at%. and the inside of rare earth 
elements — one sort or two sorts or more of elements — it is — It is desirable that it is within the limits of 47-57, and more 
preferably, the presentation ratio of X+X* of a X-Mn-X* alloy is at%, and is within the limits of 50-56. 

[0082] the direction of Y which shows magnetization of said fixed magnetic layer 3 to drswingj. by the switched connection field 
generated in the interface of the antiferromagnetism layer 4 and the fixed magnetic layer 3 by heat-treating — a single domain - 
- it is-izing and fixed, in addition, when element X' of the X-Mn-X* alloy used as an antiferromagnetism layer 4 is the element of 
for example, a gas system Although the presentation ratio of element X" after heat treatment becomes small, or said X' may slip 
out out of the film completely and a presentation may become X-Mn from the presentation ratio of element X' in the phase which 
said element X' fell out out of the film, came out, and was formed by heat-treating If the interface structure of the fixed magnetic 
layer 3 and the antiferromagnetism layer 4 in a membrane formation phase (before heat treatment) is in the disconformity 
condition, by heat-treating the crystal structure of said antiferromagnetism layer 4 It is possible to metamorphose into a 
superlattice from an irregular grid (face-centered cubic lattice) at fitness, and to acquire a large exchange anisotropy field. 
Moreover, the free magnetic layer 1 is arranged in the direction of illustration X by the hard bias layers 5 and 5 currently formed 
in the both sides. 

[0083] In the single spin bulb mold thin film shown in drawin g 1 , if the stationary current (sense current) is given to the free 
magnetic layer 1 , the nonmagnetic conductive layer 2, and the fixed magnetic layer 3 from a conductive layer 8 and a field is 
moreover given in the direction of Y from a record medium, the magnetization direction of the free magnetic layer 1 will change 
from X towards the direction of Y. At this time, a lifting and electric resistance change [ conduction electron ] dispersion by the 
interface of the nonmagnetic conductive layer 2 and the fixed magnetic layer 3, or the interface of the nonmagnetic conductive 
layer 2 and the free magnetic layer 1 . Therefore, an electrical potential difference can change and a detection output can be 
obtained. 

[0084] Drawing 2 is the sectional view showing the structure of the single spin bulb mold thin film of the 2nd operation gestalt of 
this invention. As shown in drawing 2 R> 2, the laminating of the substrate layer 6, the antiferromagnetism layer 4, the fixed 
magnetic layer 3, the nonmagnetic conductive layer 2, and the free magnetic layer 1 is continuously carried out from the bottom. 
In addition, the antiferromagnetism layer 4 shown in drawing 2 is a X-Mn alloy (however, X) like the antiferromagnetism layer 4 
shown in drawin g 1 . they are any one sort or two sorts or more of elements among Pt, Pd, Ir, Rh, Ru, and Os — desirable — a 
PtMn alloy or a X-Mn-X' alloy (however, X') Ne, Ar, Kr, Xe, Be, B, C, N, Mg, aluminum, Si, P, Ti, V. Cr, Fe, Co, nickel, Cu, Zn, Ga, 
germanium, Zr f Nb, Mo, Ag, Cd, Ir, Sn, Hf, Ta, W, Re, Au, Pb, and the inside of rare earth elements — one sort or two sorts or 
more of elements — it is — it is formed. In addition, the fixed magnetic layer 3, the nonmagnetic conductive layer 2, and the free 
magnetic layer 1 are formed with the quality of the material explained by drawing 1 . 

[0085] Also in this example, the interface structure of the fixed magnetic layer 3 and the antiferromagnetism layer 4 is in the 
disconformity condition, and a part of [ at least ] crystal structures of said antiferromagnetism layer 4 in an interface serve as a 
face centred tetragonal lattice (henceforth a superlattice) of L10 mold. 

[0086] Moreover, although priority orientation of the (111) sides of said antiferromagnetism layer 4 formed on the substrate layer 
6 of Ta is carried out in the direction parallel to an interface If the fixed magnetic layer 3 is formed on said antiferromagnetism 
layer 4 as shown in drawing 2 , the amount of preferred orientation to the direction of an interface of the {111} sides of said fixed 
magnetic layer 3 will be smaller than the amount of preferred orientation of said antiferromagnetism layer 4, or will tend to 
become [ tend ] non-orientation. Thus, in drawing 2 , it is possible for the crystal orientation of said antiferromagnetism layer 4 
and fixed magnetic layer 3 in an interface to differ, therefore to make interface structure into a disconformity condition more. 
[0087] By the way, the antiferromagnetism layer 4 is a X-Mn alloy (however, X). the inside of Pt, Pd, Ir, Rh, Ru, and Os — any . 
one sort or two sorts or more of elements — it is, as it is formed and is shown in drawing 2 When the antiferromagnetism layer 4 
is formed in the bottom of the fixed magnetic layer 3, the presentation ratio of the element X of the X~Mn alloy which 
constitutes the antiferromagnetism layer 4 is at%, and it is desirable that it is within the limits of 44-57. If it is this within the 
limits, it is possible to acquire the exchange anisotropy field more than 400 (Oe). More preferably, the presentation ratio of the 
element X of a X-Mn alloy is at%, and is within the limits of 46-55. If it is this within the limits, it is possible to acquire the 
exchange anisotropy field more than 600 (Oe). 

[0088] Thus, it is because that an exchange anisotropy field can be greatly carried out to it being presentation within the limits 
mentioned above can enlarge the difference of the lattice constant (irregular grid) of the antiferromagnetism layer 4 before heat 
treatment, and the lattice constant of the fixed magnetic layer 3 and interface structure before heat treatment can be made into 
a disconformity condition. Therefore, by heat-treating, it becomes possible to make a part of [ at least ] crystal structures of 
said antiferromagnetism layer 4 in an interface metamorphose into a superlattice required in order to demonstrate an exchange 
anisotropy field from an irregular grid. 

[0089] Moreover, said antiferromagnetism layer 4 is a X-Mn-X* alloy (however, X'). Ne, Ar, Kr, Xe, Be, B, C, N, Mg, aluminum, Si, 
P, Ti, V, Cr, Fe, Co, nickel, Cu, Zn, Ga, germanium, Zr, Nb, Mo, Ag, Cd, Ir, Sn, Hf, Ta, W, Re, Au, Pb. and the inside of rare earth 
elements — one sort or two sorts or more of elements — it is — said X-Mn-X' alloy, when formed A part of lattice point of the 
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crystal lattice which is formed of a spatter, and serves as an interstitial solid solution by which element X' trespassed upon the 
clearance between the space lattices which consist of elements X and Mn, or consists of elements X and Mn serves as a 
substitution solid solution permuted by element X'. 

[0090] The lattice constant of the antiferromagnetism layer 4 which contains element X* in the film becomes large compared with 
the lattice constant of the antiferromagnetism layer 4 which does not contain said element X', and can maintain the interface 
structure of the antiferromagnetism layer 4 and the fixed magnetic layer 3 in a membrane formation phase (before heat 
treatment) at a disconformity condition. 

[0091] In addition, by this invention, the presentation ratio of element X' occupied in the film is made into within the limits of 0.2- 
10 at at%, and the more desirable presentation range is made into within the limits of 0.5-5 at at%. Moreover, it is said 
presentation within the limits, element X' is formed, and the thing of a presentation ratio with Elements X and Mn within the limits 
of 4:6-6:4, then a larger switched connection field are acquired [ a thing ] for X:Mn is still more possible comparatively. 
[0092] Moreover, as shown in drawing 2 , when the antiferromagnetism layer 4 formed with the X-Mn-X* alloy is formed in the 
fixed magnetic layer 3 bottom in this invention, the presentation ratio of X+X' of a X-Mn-X' alloy is at%, and it is desirable that it 
is within the limits of 44-57. More preferably, the presentation ratio of X+X' of a X-Mn-X' alloy is at%, and is within the limits of 
46-55. 

[0093] in addition, the exchange anisotropy field which generates magnetization of the fixed magnetic layer 3 shown in drawing 2 
in an interface with the antiferromagnetism layer 4 — the direction of illustration Y — a single domain — it is-izing and fixed. 
[0094] As shown in drawing 2 , on the free magnetic layer 1 , spacing of the width of recording track Tw is vacated, and the 
exchange bias layer 9 (antiferromagnetism layer) is formed. In addition, this exchange bias layer 9 is a X-Mn alloy (however, X). 
they are any one sort or two sorts or more of elements among Pt, Pd, Ir, Rh, Ru, and Os — desirable — a PtMn alloy or a X-Mn- 
X' alloy (however, X') Ne, Ar, Kr, Xe, Be, B, C, N, Mg, aluminum, Si, P. Ti, V, Cr, Fe, Co, nickel, Cu, Zn, Ga, germanium, Zr, Nb, Mo, 
Ag, Cd, Ir, Sn, Hf, Ta, W, Re, Au, Pb, and the inside of rare earth elements — one sort or two sorts or more of elements — it is - 
- it is formed. 

[0095] The presentation ratio of the element X of a X-Mn alloy is at%, and has become within the limits of 47-57. More 
preferably, the presentation ratio of the element X of a X-Mn alloy is at%, and is within the limits of 50-56. In addition, this 
presentation range is the same as the presentation range of the antiferromagnetism layer 4 explained by drawing 1 . Moreover, in 
the case of a X-Mn-X' alloy, the presentation ratio of element X' is at% and it is within the limits of 0.2-10, and the more 
desirable presentation range is at% and is within the limits of 0.5-5. Moreover, as for X:Mn, it is comparatively desirable that it is 
[ of a presentation ratio with Elements X and Mn ] within the limits of 4:6-6:4. Furthermore, it is desirable to have become within 
the limits of 47-57, more preferably, the presentation ratio of X+X' of a X-Mn-X' alloy is at%, and it is [ the presentation ratio of 
X+X' of a X-Mn-X' alloy is at% and ] within the limits of 50-56. 

[0096] Although the interface structure of the free magnetic layer 1 and the exchange bias layer 9 will be in a disconformity 
condition for it to be presentation within the limits mentioned above and the exchange anisotropy field more than 400 (Oe) can 
be acquired in an interface at least As shown in drawing 2 , said exchange bias layers 9 and 9 Since it is not formed in the width- 
of-recording-track Tw part, it is strongly influenced by the amount of [ of the free magnetic layer 1 ] both ends of an exchange 
anisotropy field, and is single-domain-ized in the direction of illustration X, and magnetization of the width-of-recording-^track Tw 
field of the free magnetic layer 1 is arranged with extent which reacts to an external magnetic field in the direction of illustration 
X at fitness. 

[0097] Thus, in the formed single spin bulb mold thin film, magnetization of the width-of-recording-track Tw field of the free 
magnetic layer 1 changes with the external magnetic fields of the direction of illustration Y in the direction of illustration Y from 
illustration X. Electric resistance changes by the relation between fluctuation of the direction of magnetization within this free 
magnetic layer 1 , and the fixed magnetization direction (the direction of illustration Y) of the fixed magnetic layer 3, and the leak 
field from a record medium is detected by the electrical-potential-difference change based on this electric resistance value 
change. 

[0098] Drawing 3 is the sectional view showing the structure of the dual spin bulb mold thin film of the 3rd operation gestalt of 
this invention. As shown and shown in drawing, the laminating of the substrate layer 6, the antiferromagnetism layer 4, the fixed 
magnetic layer 3, the nonmagnetic conductive layer 2, and the free magnetic layer 1 is continuously carried out from the bottom. 
Furthermore on said free magnetic layer 1 , the laminating of the nonmagnetic conductive layer 2, the fixed magnetic layer 3, the 
antiferromagnetism layer 4, and the protective layer 7 is carried out continuously. Moreover, the laminating of the hard bias 
layers 5 and 5 and the conductive layers 8 and 8 is carried out to the both sides of the multilayers from the substrate layer 6 to 
a protective layer 7. In addition, each class is formed with the same quality of the material as the quality of the material explained 
by drawing 1 and drawjng 2 . 

[0099] As shown in drawing 3 , the antiferromagnetism layer 4 currently formed below the free magnetic layer 1 The presentation 
ratio of the element X of the X-Mn alloy which constitutes said antiferromagnetism layer 4 is at% like [ since it is formed in the 
bottom of the fixed magnetic layer 3 ] the antiferromagnetism layer 4 shown in drawing 2 . It is desirable that it is within the 
limits of 44-57, and more preferably, the presentation ratio of the element X of a X-Mn alloy is at%, and is within the limits of 46- 
55. 

[01 00] Moreover, the antiferromagnetism layer 4 currently formed above the free magnetic layer 1 The presentation ratio of the 
element X of the X-Mn alloy which constitutes said antiferromagnetism layer 4 is at% like [ since it is formed on the fixed 
magnetic layer 3 ] the antiferromagnetism layer 4 shown in drawing 1 . It is desirable that it is within the limits of 47-57, and 
more preferably, the presentation ratio of the element X of a X-Mn alloy is at%, and is within the limits of 50-56. 
[0101] If it is this presentation within the limits, since the difference of the lattice constant of the fixed magnetic layer 3 and the 
lattice constant of the antiferromagnetism layer 4 before heat treatment can be enlarged, it is possible by being able to change 
the interface structure before heat treatment into a disconformity condition, therefore heat-treating to make a part of crystal 
structures of said antiferromagnetism layer 4 in an interface metamorphose into a superlattice required to demonstrate an 
exchange anisotropy field from an irregular grid, in addition, the ratio of the lattice constants a and c of said antiferromagnetism 
layer 4 after heat treatment when said antiferromagnetism layer 4 is formed with a PtMn alloy — as for c/a, it is desirable that it 
is within the limits of 0.93-0.99. Moreover, since the crystal orientation of the antiferromagnetism layer 4 and the fixed magnetic 
layer 3 also differs, it is possible to change interface structure into a disconformity condition more. 

[01 02] if it comes out in the presentation range mentioned above, it is possible to acquire the exchange anisotropy field more 
than at least 400 (Oe), but it is more possible to make large the range of the presentation ratio of the element X of a X-Mn alloy 
a little rather than the direction which forms the antiferromagnetism layer 4 in the bottom of the fixed magnetic layer 3 forms on 
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the fixed magnetic layer 3. 

[01 03] Moreover, when the antiferromagnetism layer 4 is formed with a X-Mn-X' alloy, the presentation ratio of element X* is at% 
and it is within the limits of 0.2-10, and the more desirable presentation range is at% and is within the limits of 0.5-5. Moreover, 
as for X:Mn, it is comparatively desirable that it is [ of a presentation ratio with Elements X and Mn ] within the limits of 4:6-6:4. 
[0104] In the case of the antiferromagnetism layer 4 currently furthermore formed below the free magnetic layer 1, it is desirable 
that the presentation ratio of X+X' of the X-Mn-X' alloy which constitutes said antiferromagnetism layer 4 is at%, and it is within 
the limits of 44-57, and more preferably, the presentation ratio of X+X' of a X-Mn-X' alloy is at%, and is within the limits of 46-55. 

[0105] Moreover, in the case of the antiferromagnetism layer 4 currently formed above the free magnetic layer 1, it is desirable 
that the presentation ratio of X+X* of the X-Mn-X' alloy which constitutes said antiferromagnetism layer 4 is at%, and it is within 
the limits of 47-57, and more preferably, the presentation ratio of X+X' of a X-Mn-X' alloy is at%, and is within the limits of 50-56. 

[01 06] If it is above-mentioned presentation within the limits, it is possible by being able to enlarge the difference of the lattice 
constant of the fixed magnetic layer 3 and the lattice constant of the antiferromagnetism layer 4 before heat treatment, and 
being able to change the interface structure before heat treatment into a disconformity condition, therefore heat-treating to 
make a part of crystal structures of said antiferromagnetism layer 4 in an interface metamorphose into a superlattice required to 
demonstrate an exchange anisotropy field from an irregular grid. 

[0107] in addition, the single spin bulb mold thin film which also shows this dual spin bulb mold thin film to drawing 1 — the same 
— the fixed magnetic layer 3 — an exchange anisotropy field — the direction of illustration Y — a single domain — are-izing, 
and it is fixed and magnetization of the free magnetic layer 1 is arranged in the direction of illustration X in response to the 
effect of the hard bias layers 5 and 5. 

[0108] If the stationary current is given to the free magnetic layer 1, the nonmagnetic conductive layer 2, and the fixed magnetic 
layer 3 from a conductive layer 8 and a field is moreover given in the direction of Y from a record medium When magnetization of 
the free magnetic layer 1 is changed in the direction of Y from illustration X and dispersion of the conduction electron for which 
it depended on spin by the interface of the nonmagnetic conductive layer 2 and the free magnetic layer 1 and the interface of 
the nonmagnetic conductive layer 2 and the fixed magnetic layer 3 at this time takes place Electric resistance changes and the 
leakage field from a record medium is detected. 

[0109] in addition, in the single spin bulb mold thin film shown in drawing 1 and drawing 2 The location from which dispersion of 
the electron depending on spin is started The interface of the nonmagnetic conductive layer 2 and the free magnetic layer 1, and 
by the dual spin bulb mold thin film shown in drawin g 3 , to being two places of the interface of the nonmagnetic conductive layer 
2 and the fixed magnetic layer 3 Since the location where dispersion of conduction electron takes place is a total of four places 
of two interfaces of the nonmagnetic conductive layer 2 and the free magnetic layer 1, and two interfaces of the nonmagnetic 
conductive layer 2 and the fixed magnetic layer 3, The direction of a dual spin bulb mold thin film is able to obtain large 
resistance rate of change compared with a single spin bulb mold thin film. 

[01 10] Drawin g 4 is the sectional view showing the structure of the AMR mold thin film of the 4th operation gestalt of this 
invention. As shown in drawing, the laminating of the soft magnetism layer (SAL layer) 10, a non-magnetic layer (SHUNT layer) 
11, and the magnetic-reluctance layer (MR layer) 12 is continuously carried out from the bottom. For example, said soft 
magnetism layer 10 is formed with a Fe-nickel-Nb alloy, and the non-magnetic layer 1 1 is formed for Ta film and the magnetic- 
reluctance layer 12 with the NiFe alloy. 

[01 1 1] On said magnetic-reluctance layer 12, the exchange bias layers (antiferromagnetism layer) 9 and 9 are formed in the part 
of the direction both sides of X which opened the width of recording track Tw. and the conductive layers 1 3 and 1 3 formed by Cr 
film etc. are further formed on said exchange bias layers 9 and 9. 

[01 12] the exchange bias layers 9 and 9 which show the exchange bias layers 9 and 9 shown in dj^wing 4 to drawing_2 — the 
same — a X-Mn alloy — it is preferably formed with the PtMn alloy, and the presentation ratio of the element X of an X-Mn 
alloy is at%, and has become within the limits of 47-57. More preferably, the presentation ratio of the element X of a X-Mn alloy 
is at%, and is within the limits of 50-56. 

[01 1 3] Moreover, said exchange bias layers 9 and 9 a X-Mn-X' alloy (it Au(s) and Pb(s) however, X' — Ne, Ar, Kr, Xe, Be, B, C, N, 
Mg, aluminum, Si, P, Ti, V, Cr, Fe, Co, nickel, Cu, Zn, Ga. germanium, Zr, Nb, Mo, Ag, Cd, Ir, Sn, Hf, Ta, W, and Re — ) and the 
inside of rare earth elements — one sort or two sorts or more of elements — it is — it is formed, and the presentation ratio of 
element X' is at%, and it is within the limits of 0.2-10, and it is [ the more desirable presentation range is at% and ] within the 
limits of 0.5-5. Moreover, as for X:Mn, it is comparatively desirable that it is [ of a presentation ratio with Elements X and Mn ] 
within the limits of 4:6-6:4. Moreover, like the exchange bias layers 9 and 9 shown in drawin g 2 , the presentation ratio of X+X' of 
a X-Mn-X' alloy is at%, and the exchange bias layers 9 and 9 shown in drawing 4 have become within the limits of 47-57. More 
preferably, the presentation ratio of X+X' of a X-Mn-X' alloy is at%, and is within the limits of 50-56. 

[01 14] If it forms within limits which mentioned the presentation ratio of an X-Mn alloy or an X-Mn-X' alloy above By heat- 
treating by the interface structure of said exchange bias layers 9 and 9 and magnetic-reluctance layer 1 2 being in a 
disconformity condition When the thickness of the magnetic-reluctance layer 1 2 of a NiFe alloy is 200-300A The exchange 
anisotropy field of about 40-110 (Oe) is acquired in said interface, and it divides. The thickness of the magnetic-reluctance layer 
of a NiFe alloy in the case of about 200A The exchange anisotropy field of about 60-110 (Oe) is acquired, and area B of the 
magnetic-reluctance layer 1 2 shown in drawing 4 is single-domain-ized in the direction of illustration X. And it is induced by this 
and magnetization of the area A of said magnetic-reluctance layer 1 2 is arranged in the direction of illustration X. Moreover, the 
current field generated in case a detection current flows the magnetic-reluctance layer 12 is impressed to the soft magnetism 
layer 10 in the direction of Y, and a horizontal bias field is given to the area A of the magnetic-reluctance layer 12 in the 
direction of Y by the magnetostatic binding energy which the soft magnetism layer 10 brings about. By giving this horizontal bias 
layer to the area A of the magnetic-reluctance layer 1 2 single-domain-ized in the direction of X, the resistance change 
(magneto-resistive-effect property: the H-R effectiveness property) to field change of the area A of the magnetic-reluctance 
layer 1 2 is set as the condition of having linearity. The migration direction of a record medium is a Z direction, if a leakage field is 
given in the direction of illustration Y. the resistance of the area A of the magnetic-reluctance layer 12 will change, and this will 
be detected as electrical-potential-difference change. 

[01 1 5] As explained in full detail above, at this invention, it is a X-Mn alloy (however, X) about the antiferromagnetism layer 4 (or 
exchange bias layer 9). In case [ which are any one sort or two sorts or more of elements among Pt, Pd, Ir, Rh ( Ru, and Os ] it 
forms with a PtMn alloy preferably, by acjjusting the presentation ratio of said antiferromagnetism layer 4 to fitness It is possible 
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to be able to make into a disconformity condition interface structure of said antiferromagnetism layer 4 and the fixed magnetic 
layer 3 (or the free magnetic layer 1 or the magnetic-reluctance layer 1 2) formed in contact with this antiferromagnetism layer 4, 
therefore to be able to acquire a bigger exchange anisotropy field, and to raise reproducing characteristics compared with the 
former. Or it is said antiferromagnetism layer 4 (or exchange bias layer 9) as the 3rd element in addition to Elements X and Mn 
Element X* (however, X') Ne, Ar, Kr, Xe, Be, B, C, N, Mg, aluminum, Si, P, Ti, V, Cr, Fe, Co, nickel, Cu, Zn, Ga, germanium, Zr, Nb, 
Mo, Ag, Cd, Ir, Sn, Hf, Ta, W, Re, Au, Pb, and the inside of rare earth elements — one sort or two sorts or more of elements — it 
is, since the lattice constant of the antiferromagnetism layer 4 can be enlarged compared with the case where said element X' is 
not added by adding Interface structure of said antiferromagnetism layer 4 and the fixed magnetic layer 3 (or the free magnetic 
layer 1 or the magnetic-reluctance layer 1 2) formed in contact with this antiferromagnetism layer 4 can be made into a 
disconformity condition. Therefore, a bigger exchange anisotropy field can be acquired and it is possible to raise reproducing 
characteristics compared with the former. Moreover, it is desirable to make the crystal orientation of the antiferromagnetism 
layer 4 and the fixed magnetic layer 3 differ at the point which interface structure can be made easier to change into a 
disconformity condition. 

[01 1 6] Moreover, although it is because the crystal structure of said antiferromagnetism layer 4 can be made to metamorphose 
into a superlattice from an irregular grid when it heat-treats that an exchange anisotropy field can be acquired by what interface 
structure is made into the disconformity condition for, since a problem will arise in adhesion etc. if all the crystal structures 
metamorphose into a superlattice, it is desirable that only a part of crystal structures are metamorphosing into the superlattice. 
for example, the ratio of the lattice constants a and c of said antiferromagnetism layer 4 after heat treatment when said 
antiferromagnetism layer 4 is formed with a PtMn alloy — it is desirable that c/a is within the limits of 0.93-0.99 (the case where 
all the crystal structures incidentally carry out a variant to a superlattice — the ratio of said lattice constants a and c — c/a is 
0.918). 

[01 17] In addition, in this invention, it does not limit to the structure which shows the structure of a magneto-resistive effect 
component layer in drawing 1 - drawing 4 . For example, without forming the hard bias layers 5 and 5 in the case of the single 
spin bulb mold thin film shown in drawin g 1 Without forming the exchange bias layers 9 and 9 in the case of the single spin bulb 
mold thin film which may vacate spacing of the width of recording track Tw for the free magnetic layer 1 bottom, may form an 
exchange bias layer, and is shown in drawing 2 the both sides of six layers from the substrate layer 6 to a protective layer 7 — 
or a hard bias layer may be formed in the both sides of the free magnetic layer 1 at least. 

[01 18] Drawing 5 is the sectional view in which the magneto-resistive effect component layer shown in drawing 4 from drawing 1 
was formed and which read and looked at the structure of a head from the opposed face side with a record medium. A sign 20 is 
the lower shielding layer formed for example, with the NiFe alloy etc., and the lower gap layer 21 is formed on this lower shielding 
layer 20. Moreover, on the lower gap layer 21 , the magneto-resistive effect component layer 22 shown in drawing 4 is formed 
from drawing 1 , further, the up gap layer 23 is formed on said magneto-resistive effect component layer 22, and the up shielding 
layer 24 formed with the NiFe alloy etc. is formed on said up gap layer 23. 

[01 1 9] Said lower gap layer 21 and the up gap layer 23 are formed of insulating materials, such as Si02 and aluminum 203 
(alumina). As shown in drawing 5 , the die length from the lower gap layer 21 to the up gap layer 23 is gap length Gl, and it can 
respond to high recording density-ization, so that this gap length Gl is small. 
[0120] 

[Example] In this invention, the multilayers which consist of the film configuration shown below first were formed, and it 
investigated about the relation between the amount of Pt(s) of one element which constitutes an antiferromagnetism layer, and 
the lattice constant of said antiferromagnetism layer. As a film configuration, they are Si substrate / alumina / substrate layenTa 
(100) / fixed magnetic layerNiFe (300) / antiferromagnetism layer from the bottom :P The laminating was carried out in the order 
of tMn (300)/Ta (100). In addition, the numeric value in the above-mentioned parenthesis expresses thickness, and a unit is 
angstrom. An experiment is the phase which does not heat-treat and asked for the relation between the amount of Pt(s), and the 
lattice constant of an antiferromagnetism layer from the peak location of a diffraction pattern by the theta / the 2theta method 
of an X diffraction. 

[0121] It turns out that the lattice constant of an antiferromagnetism layer (PtMn) is large as are shown in drawing 6 and the 
amount of Pt(s) increases. Moreover, as shown in drawing, the range of the NiFe alloy which constitutes a fixed magnetic layer, a 
CoFe alloy, or the lattice constant of Co is about 3.5 to 3.6. 

[01 22] Next, membranes were formed by the DC magnetron sputtering method, and two multilayers in which the 
antiferromagnetism layer was formed to the bottom of a fixed magnetic layer or a top were investigated about the relation of the 
amount of Pt(s) (one element which constitutes an antiferromagnetism layer) and an exchange anisotropy field after heat- 
treating. The experimental result is shown in drawing 7 . 

[01 23] An antiferromagnetism layer as a film configuration currently formed in the bottom of a fixed magnetic layer Si substrate / 
alumina / substrate layer [ from the bottom ]: — Ta(50) / antiferromagnetism layer :P A laminating is carried out in the order of 
Ta (100). tMn (300) / fixed magnetic layer — Co90Fe10 (30) / protective layer — Said antiferromagnetism layer carried out the 
laminating from the bottom as a film configuration currently formed on the fixed magnetic layer in the order of Si substrate / 
alumina / Ta(50) / fixed magnetic layerCo90Fe10 (30) / antiferromagnetism layer (300) / protective layer Ta (100). In addition, 
the numeric value in the above-mentioned parenthesis expresses thickness, and a unit is angstrom. 

[01 24] As conditions in a heat treatment process, 3 hours was first spent on the temperature up, then the temperature condition 
of 240 degrees was held for 3 hours, and 3 hours was further spent on the temperature fall again. In addition, the heat treatment 
degree of vacuum was set to 5x10 to 6 or less Torrs. 

[01 25] as shown in drawing 7 wnen [ an d ] an antiferromagnetism layer (PtMn alloy) is in the fixed magnetic layer bottom, and 
when [ both ] it is in the bottom, the amount of Pt(s) becomes large to about 50 at(s)% — alike — following — an exchange 
anisotropy field — high — becoming — the amount of Pt(s) — about 50 — when it becomes more than at%, it turns out that the 
exchange anisotropy field is becoming small gradually. 

[0126] In order to acquire the exchange anisotropy field more than 400 (Oe), when an antiferromagnetism layer (PtMn) is formed 
in the fixed magnetic layer bottom and an antiferromagnetism layer (PtMn) is formed in the fixed magnetic layer bottom for the 
amount of Pt(s) by 44 - 57at% of within the limits, it turns out that what is necessary is just to adjust the amount of Pt(s) to 
fitness by 47 - 57at% of within the limits. 

[01 27] Moreover, in order to acquire the exchange anisotropy field more than 600 (Oe). when an antiferromagnetism layer (PtMn) 
is formed in the fixed magnetic layer bottom and an antiferromagnetism layer (PtMn) is formed in the fixed magnetic layer bottom 
for the amount of Pt(s) by 46 - 55at% of within the limits, it turns out that what is necessary is just to adjust the amount of Pt(s) 
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to fitness by 50 - 56at% of within the limits. 

[0128] From the above experimental result, four kinds of multilayers were formed as an example which adjusted the presentation 
ratio of an antiferromagnetism layer (PtMn) to fitness, one kind of multilayers were formed as an example of a comparison, and it 
investigated about a stacking tendency, an exchange anisotropy field, etc. of each film. The experimental result is shown in Table 
1. 

[0129] 
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The multilayers to example **-** are single spin bulb mold thin films, and the multilayers of example ** are dual spin bulb mold 
thin films. Moreover, the multilayers of example of comparison ** are the same film configurations as the multilayers of example 
**. and only the presentation ratios of an antiferromagnetism layer (PtMn) differ. 

[01 30] Moreover, although the laminating of Co-Fe and nickel-Fe is carried out to the multilayers of example ** on Cu 
(nonmagnetic conductive layer), the free magnetic layer consists of two-layer [ this ]. Although the laminating of nickel-Fe and 
Co-Fe is similarly carried out to the multilayers of example ** under Cu (nonmagnetic conductive layer), the free magnetic layer 
consists of two-layer [ this ]. Moreover, although the laminating of Co-Fe, nickel-Fe, and Co-Fe is carried out to the multilayers 
of example ** between two Cu(s) (nonmagnetic conductive layer), the free magnetic layer consists of these three layers. 
[0131] as shown in Table 1, in the multilayers to example **-**, the lattice matching in the interface of PtMn 
(antiferromagnetism layer) and CoFe (fixed magnetic layer) "is nothing" — receiving — the multilayers of example of comparison 
** — the lattice matching in an interface — " — it is — " — it has become. Moreover, if the column of "whenever [ regulation- 
ized / of PtMn after 240 degree-C heat treatment ]" is seen, by the multilayers of example of comparison **, it is "x" to being 
"O" in the multilayers of example **-**. 

[01 32] Furthermore, when the column of an "exchange anisotropy field" and "resistance rate of change" is seen, in the 
multilayers to example **-**, it turns out to having a large exchange anisotropy field and resistance rate of change that the 
exchange anisotropy field and resistance rate of change of multilayers of example of comparison ** are very small compared with 
the multilayers of example ** - **. 

[01 33] The above experimental result is related to the presentation ratio of a PtMn alloy. As shown in Table 1 , the amount of Pt 
(s) of PtMn to example is 49 - 51at% to the amount of Pt(s) of PtMn in example of comparison ** being 44at(s)%. 

[0134] For this reason, when drawing jj (before heat treatment) is referred to, it turns out that the lattice constant of PtMn of 
example of comparison ** is smaller than the lattice constant of PtMn to example **-**, and the difference of the lattice 
constant of PtMn (antiferromagnetism layer) and the lattice constant of Co-Fe (fixed magnetic layer) is [ the direction of 
example of comparison ** ] small compared with example ** - **. 

[0135] That is, in the multilayers of example of comparison **, the interface structure of PtMn and CoFe will tend to be in an 
adjustment condition, and, on the other hand, the interface structure of PtMn and CoFe will be easy to be in a disconformity 
condition in the phase before heat treatment by the multilayers to example **-**. 

[0136] Before heat treatment, although the crystal structure of PtMn of example and example of comparison ** serves as 

an irregular grid (face-centered cubic lattice), even if it heat-treats, the crystal structure of PtMn cannot metamorphose into a 
superlattice from an irregular grid, but regulation-ization is in the condition of not progressing at all, by example of comparison ** 
from which interface structure is in the adjustment condition. 

[01 37] On the other hand, in the multilayers of example ** from which interface structure is in the disconformity condition - **, 
by heat-treating, a part metamorphoses into a superlattice (face centred tetragonal lattice of U0 mold) from an irregular grid, and 
the crystal structure of PtMn has become that to which regufation-ization fully advanced. 

[0138] Drawin g 8 is a high-resolution TEM photograph in which the interface structure of PtMn of example ** and CoFe after 
heat treatment is shown. As shown in drawing 8 , in the interface of PtMn and CoFe, it turns out that the direction of a list of the 
atom of PtMn and the direction of a list of the atom of CoFe are not in agreement, and it is in a disconformity condition. 
[01 39] On the other hand, drawing 9 is a high-resolution TEM photograph in which the interface structure of PtMn of example of 
comparison ** and CoFe after heat treatment is shown. As shown in drawing 9 , in the interface of PtMn and CoFe, it turns out 
that the direction of a list of the atom of PtMn and the direction of a list of the atom of CoFe are in agreement, and it is in an 
adjustment condition. 

[0140] Moreover, drawing 10 is an experimental result after heat treatment to which drawing 11 measured whenever [ regulation- 
ized / of PtMn / in / for whenever / regulationHzed / of PtMn in the multilayers of example ** / the multilayers of example of 
comparison ** ]. The experiment measured the include angle which two equivalent {111} sides in PtMn make, and asked for 
whenever [ regulatton-ized ] from the include angle to make. In addition, the axis of abscissa shows the distance from the 
interface of PtMn and CoFe to the PtMn side. 

[0141] As shown in drawing 10 , the measured value of the include angle which {111} sides make is scattered within the limits of 
about 65 to about 72 degrees, and it turns out that a part of irregular grid before heat treatment changes, and the crystal 
structure of PtMn serves as a superlattice. 

[0142] On the other hand, in drawing 1 1 , the measured value of the include angle which {111} sides make has fallen within about 
70 - about 71 range, and even if the crystal structure of PtMn heat-treats, it turns out that it has meant having maintained the 
condition of the irregular grid before heat treatment with as. 

[0143] As mentioned above, in the multilayers of example **-**, since interface structure can be made into a disconformity 
condition, therefore regulation-ization can be advanced to fitness by making the amount of Pt(s) of PtMn into 49 - 51at%, the 
exchange anisotropy field generated in the interface of PtMn and CoFe has the very large value so that it may understand, even 
if it sees drawing 7 . 

[0144] On the other hand, in the multilayers of example of comparison **, since the amount of Pt(s) of PtMn is as low as 44at 
(s)%, the exchange anisotropy field which generates interface structure in the interface of PtMn and CoFe so that it may 
understand, even if it will be in an adjustment condition, regulation-ization does not progress to fitness but it sees drawing 7 will 
become a very small value. Moreover, in order to make interface structure of PtMn and CoFe into a disconformity condition, it is 
desirable to make the crystal orientation of PtMn and the crystal orientation of CoFe differ. 

[0145] In addition, a little more than [ of the amount of preferred orientation of the {111} sides shown in Table 1 / "a little more 

than" ], "inside", and "weakness" express the priority amount of preferred orientation to the direction of a film surface. As 

shown in Table 1, both the amount of preferred orientation of the {111} sides of PtMn of example of comparison ** and the 

amount of preferred orientation of the {111} sides of CoFe (fixed magnetic layer) are [ "a little more than" ]. 

[0146] If this refers to the film configuration of example **, NiFe, CoFe (free magnetic layer), Cu (nonmagnetic conductive layer), 

and CoFe (fixed magnetic layer) which were formed on Ta Since the difference of the lattice constant of CoFe (fixed magnetic 

layer) and the lattice constant of PtMn (antiferromagnetism layer) before heat treatment is small so that the amount of preferred 

orientation of {1 1 1} sides may become strong in response to the effect of Ta as a substrate layer and it may understand with 

reference to drawing 6 strongly Strongly in response to the fact that the effect of the amount of preferred orientation of the 

{111} sides of CoFe, priority orientation of the {111} sides of PtMn will be carried out in the direction of a film surface. 

[01 47] On the other hand, NiFe, CoFe (free magnetic layer), Cu (nonmagnetic conductive layer), and CoFe (fixed magnetic layer) 
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which were formed on Ta in example ** Although the amount of preferred orientation of {111} sides becomes strong strongly in 
response to the fact that the effect of Ta as a substrate layer Since the difference of the lattice constant of CoFe (fixed 
magnetic layer) and the lattice constant of PtMn (antiferromagnetism layer) before heat treatment is targe so that it may 
understand with reference to drawing 6 , the {111} sides of PtMn are seldom influenced of the crystal orientation of CoFe, but the 
amount of preferred orientation in the direction of a film surface is weak. 

[0148] Moreover, in the case where it is example **** by which the laminating of the CoFe (fixed magnetic layer) is carried out 
on PtMn, if CoFe is formed on PtMn, the amount of preferred orientation of the {111} sides of CoFe will become weak, therefore 
the crystal orientation of PtMn and CoFe will be turned in the automatically different direction. 

[01 49] Next, in this invention, the antiferromagnetism layer was formed with the Pt-Mn-X' (X-Ar) alloy, and it investigated about 
the relation between the amount of element X', and the lattice constant of a Pt-Mn-X" alloy. The film configurations used for the 
experiment are Si substrate / alumina / Ta(50) / Co90Fe10 (30) / Pt-Mn-X' (300) / Ta from the bottom (100). In addition, the 
numeric value in a parenthesis expresses thickness and a unit is angstrom. 

[0150] In the sputtering system, membrane formation of an antiferromagnetism layer prepared three kinds of targets with which 
the rate of Pt and Mn is set to 6:4, 5:5, and 4:6, and it formed the Pt-Mn-X* (X -Ar) alloy film by DC magnetron sputtering and 
the ion beam spatter, changing the introductory gas pressure of Ar which becomes element X* using each target. And it 
measured about the relation between the amount of X' (X -Ar) occupied in the Pt-Mn-X' (X'=Ar) alloy film, and the lattice 
constant of Pt-Mn-X' (X -Ar). The experimental result is shown in drawing 12 . 

[0151] As shown in drawing 12 , when [ of the presentation ratio of Pt and Mn ] the amount of element X' (X -Ar) becomes large 
in the case of either 6:4, 5:5 and 4:6 shows comparatively that the lattice constant of Pt-Mn-X' (X -Ar) becomes large. In 
addition, the NiFe alloy which constitutes a fixed magnetic layer, a CoFe alloy, or Co As shown in drawing 1 2 , the range of a 
lattice constant is about 3.5 to 3.6. Moreover, although the amount of element X' (X -Ar) is carried out to to about 4at% and the 
experiment is not tried about the case of a large content any more in this experiment, since it is a gas element, Ar from which 
this becomes element X' is because it is hard to contain Ar in the film, even if it raises gas pressure. 

[01 52] Next, the heat treatment process indicated below was given to the Pt-Mn-X' (X -Ar) alloy film used for the above- 
mentioned experiment. As conditions in a heat treatment process, 3 hours was first spent on the temperature up, then, the 
temperature condition of 240 degrees was held for 3 hours, and 3 hours was further spent on the temperature fail. In addition, 
the heat treatment degree of vacuum was set to 5x10 to 6 or less Torrs. 

[01 53] Drawing 1 3 is a graph which shows the relation between the amount of element X' (X -Ar) of the Pt-Mn-X' (X'=Ar) alloy 
film, and the magnitude of the switched connection field generated in the interface of an antiferromagnetism layer and a fixed 
magnetic layer by said heat treatment. As shown in drawing 1313 , when the amount of element X' (X-Ar) becomes large, it turns 
out that the switched connection field is large. That is, if element X' (X-Ar) is added to PtMn, it is possible to acquire a large 
switched connection field compared with the case where element X' (X-Ar) is not added. 

[0154] Next, in this invention, using another element X', the antiferromagnetism layer was formed with the Pt-Mn-X' (X-Mo) 
alloy, and it investigated about the relation between the amount of element X' (X -Mo), and the lattice constant of the Pt-Mn- 
X' (X -Mo) alloy film. The film configurations used for the experiment are Si substrate / alumina / Ta(50) / Co90Fe10 (30) / Pt- 
Mn-X' (300) / Ta from the bottom (100). In addition, the numeric value in a parenthesis expresses thickness and a unit is 
angstrom. 

[01 55] The compound-die target which stuck the chip of element X' (X'=Mo) on the target of PtMn was prepared for membrane 
formation of an antiferromagnetism layer, and changing the surface ratio of the chip occupied at a target, the amount of element 
X' (X -Mo) occupied in the film was changed, and it measured about the relation between said amount of element X' (X'=Mo), and 
the lattice constant of a Pt-Mn-X' (X'=Mo) alloy. The experimental result is shown in drawin g 14 . 

[0156] It turns out that the lattice constant of Pt-Mn-X' (X'=Mo) becomes large, so that the concentration of element X' (X-Mo) 
which the rate of the presentation ratio of Pt and Mn occupies in the film in one case of 6:4, 1:1, and 4:6 becomes large, as 
shown in drawin g 14 . In addition, as shown in drawin g 14 , the range of the NiFe alloy which constitutes a fixed magnetic layer, a 
CoFe alloy, or the lattice constant of Co is about 3.5 to 3.6. 

[0157] Next, the heat treatment process indicated below was given to the Pt-Mn-X' (X-Mo) alloy film used in the above- 
mentioned experiment. As conditions in a heat treatment process, 3 hours was first spent on the temperature up, then, the 
temperature condition of 240 degrees was held for 3 hours, and 3 hours was further spent on the temperature fall. In addition, 
the heat treatment degree of vacuum was set to 5x10 to 6 or less Torrs. 

[01 58] Drawing 1 5 is a graph which shows the relation between the concentration of element X' (X-Mo) of the Pt-Mn-X' (X'=Mo) 
alloy film, and the magnitude of the switched connection field generated in the interface of an antiferromagnetism layer and a 
fixed magnetic layer by said heat treatment. If the amount of element X' (X-Mo) in the film becomes more than abbreviation 3at% 
even if the presentation ratio of Pt and Mn is which [ of 6:4, 1:1, and 4:6 ] case comparatively as shown in drawing 15 , it turns 
out that a switched connection field falls gradually, especially — the amount of element X' (X-Mo) in the film — about 10 — if it 
becomes more than at%, even if it is the case where the rate of the presentation ratio of Pt and Mn is 1:1, a switched connection 
field becomes very small and is not desirable. 

[01 59] By the way, at least, although it is a fitness element X' (X-Mo) content, when it does not contain said element X' (X'=Mo), 
it is more desirable than the time of the amount of element X' (X-Mo) being 0at% that a switched connection field becomes large. 
Comparatively, in the case of 6:4, if the amount of element X' (X-Mo) is less than [ abbreviation 1 at% ], a switched connection 
field will become large rather than the time of the amount of element X' (X-Mo) being 0at% of the presentation ratio of PtMn. 
Moreover, comparatively, in the case of 1:1, if the amount of element X' (X'=Mo) is less than [ abbreviation 7at% ], a switched 
connection field will become large rather than the time of the amount of element X' (X-Mo) being 0at% of the presentation ratio 
of PtMn. Furthermore, comparatively, in the case of 4:6, if the amount of element X' (X'=Mo) is less than [ abbreviation 10at% ], a 
switched connection field will become large rather than the time of the amount of element X' (X-Mo) being 0at% of the 
presentation ratio of PtMn. 

[01 60] next — although it is the minimum of a fitness element X' (X-Mo) content — the presentation ratio of PtMn — since the 
switched connection field became the largest comparatively when the amount of element X* (X-Mo) became about 0.5 at(s)% in 
the case of 6:4, by this invention, the amount of element X' (X'=Mo) set up 0.2at(s)% smaller than 0.5at% as a minimum there. 
[0161] By this invention, the desirable range of the presentation ratio of element X* was set to 0.2 to 10 at at% from the above 
experimental result. Moreover, the more desirable range was set to 0.5 to 5 at at%. In addition, the desirable presentation range of 
above-mentioned element X' is the case where Mn is set up within the limits of Pt (= element X) and4:6 to 6:4. 
[0162] 
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[Effect of the Invention] It sets on the switched connection film which consists of an antiferromagnetism layer and a 
ferromagnetic layer according to this invention explained in full detail above, and is said antiferromagnetism layer X-Mn (however, 
X) When forming, the presentation ratio of said antiferromagnetism layer is adjusted to fitness, the inside of Pt, Pd, Ir, Rh, Ru, and 
Os — any one sort or two sorts or more of elements — it is — Since interface structure of said antiferromagnetism layer and 
ferromagnetic layer (for example, NiFe alloy) is made into the disconformity condition, it is possible to acquire a larger exchange 
anisotropy field. 

[0163] Or at this invention, it is element X' (however, X'). Ne, Ar, Kr, Xe, Be, B, C, N, Mg, aluminum, Si, P, Ti, V, Or, Fe, Co, nickel, 
Cu, Zn, Ga, germanium, Zr, Nb, Mo, Ag, Cd, Ir, Sn, Hf, Ta, W, Re, Au, Pb, and the inside of rare earth elements — one sort or two 
sorts or more of elements — it is — by making it dissolve with an invasion mold or a permutation mold in the X~Mn alloy film It is 
possible for the interface structure of said antiferromagnetism layer and ferromagnetic layer (for example, NiFe alloy) to change 
into a disconformity condition, and to acquire a larger exchange anisotropy field. 

[01 64] moreover, the phase which heat-treated — setting — a part of [ at least ] crystal structures of said antiferromagnetism 
layer — the face centred tetragonal lattice (superlattice) of L10 mold — becoming — **** — moreover — the ratio of the 
lattice constants a and c of said antiferromagnetism layer — it is desirable that c/a is within the limits of 0.93-0.99 at the point 
that a larger exchange anisotropy field can be acquired. Furthermore, it is desirable that the crystal orientation of said 
antiferromagnetism layer and ferromagnetic layer in an interface differs at the point which is easy to change interface structure 
into a disconformity condition. 

[0165] As mentioned above, by applying the switched connection film with which interface structure is in the disconformity 
condition to a magneto-resistive effect component, the resistance rate of change of said magneto-resistive effect component 
layer can be raised, and it is possible to raise reproducing characteristics. 
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[Procedure revision] 

[Filing Date] April 30, Heisei 11 (1999. 4.30) 
[Procedure amendment 2] 
[Document to be Amended] Specification 
[Item(s) to be Amended] The name of invention 
[Method of Amendment] Modification 
[Proposed Amendment] 

[Title of the Invention] Switched connection film 

[Procedure amendment 3] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] In the switched connection film with which an antiferromagnetism layer and a ferromagnetic layer touch, and are 
formed, an exchange anisotropy field occurs in the interface of said antiferromagnetism layer and ferromagnetic layer, and the 
magnetization direction of said ferromagnetic layer is carried out in the fixed direction Said antiferromagnetism layer is Element X 
(however, X) at least, the inside of Pt r Pd, Ir, Rh, Ru, and Os — any one sort or two sorts or more of elements — it is — the 
switched connection film characterized by being formed with the antiferromagnetism ingredient containing Mn and the interface 
structure of said antiferromagnetism layer and ferromagnetic layer being in a disconformity condition. 
[Claim 2] Switched connection film according to claim 1 with which a part of [ at least ] crystal structures of said 
antiferromagnetism layer serve as a face-centered square superlattice of L10 mold. 

[Claim 3] Switched connection film according to claim 1 or 2 with which the crystal orientation of said antiferromagnetism layer 
and a ferromagnetic layer differs in the interface of said antiferromagnetism layer and ferromagnetic layer. 
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[Claim 4] The amount of preferred orientation of the {111} sides of said antiferromagnetism layer is switched connection film 
according to claim 3 which is smaller than the amount of preferred orientation of said ferromagnetic layer, or serves as non- 
orientation to the {111] sides of said ferromagnetic layer carrying out priority orientation in the direction parallel to an interface 
with said antiferromagnetism layer. 

[Claim 5] The amount of preferred orientation of the {111] sides of said ferromagnetic layer is switched connection film according 
to claim 3 which is smaller than the amount of preferred orientation of said antiferromagnetism layer, or serves as non- 
orientation to the {111} sides of said antiferromagnetism layer carrying out priority orientation in the direction parallel to an 
interface with said ferromagnetic layer. 

[Claim 6] Both the amount of preferred orientation of the {1 1 1] sides of said antiferromagnetism layer to a direction parallel to 
the interface of said antiferromagnetism layer and ferromagnetic layer and the amount of preferred orientation of the {111} sides 
of said ferromagnetic layer are switched connection film according to claim 3 with which it is small, or has become non- 
orientation, priority orientation of the crystal faces other than the aforementioned {111} sides is carried out in the direction 
parallel to an interface, and the crystal orientation of an antiferromagnetism layer and a ferromagnetic layer differs. 
[Claim 7] It is the switched connection film according to claim 1 to 6 whose element X said antiferromagnetism layer is formed 
with a X-Mn alloy, and is Pt. 

[Claim 8] said antiferromagnetism layer is formed with a PtMn alloy — having — the ratio of the lattice constants a and c of said 
antiferromagnetism layer — the switched connection film according to claim 7 whose c/a is within the limits of 0.93-0.99. 
[Claim 9] Said antiferromagnetism layer is a X-Mn-X* alloy (however, X). It is formed, the inside of Pt, Pd, Ir, Rh, Ru, and Os — 
any one sort or two sorts or more of elements — it is — said X-Mn-X' alloy Switched connection film according to claim 1 to 6 
a part of whose lattice point of the crystal lattice which consists of elements X and Mn it is the interstitial solid solution by which 
element X' trespassed upon the clearance between the space lattices which consist of elements X and Mn, or is the substitution 
solid solution permuted by element X'. 

[Claim 10] The element X of the X-Mn-X' alloy used as said antiferromagnetism layer is switched connection film according to 
claim 9 which is Pt. 

[Claim 11] Said element X* Ne, Ar, Kr, Xe, Be, B, C, N, Mg, aluminum, Si, P, Ti, V, Cr, Fe, Co, nickel, Cu, Zn, Ga, germanium, Zr, Nb, 
Mo, Ag, Cd, Ir, Sn, Hf, Ta, W, Re, Au, Pb, And switched connection film according to claim 9 or 10 which is one sort or two sorts 
or more of elements among rare earth elements. 

[Claim 12] Said element X* is switched connection film according to claim 1 1 which is one sort or two sorts or more of elements 
among Ne, Ar, Kr, and Xe. 

[Claim 13] The presentation ratio of said element X' is switched connection film according to claim 9 to 12 which is at% and is 
within the limits of 0.2-10. 

[Claim 14] The presentation ratio of said element X' is switched connection film according to claim 13 which is at% and is within 
the limits of 0.5-5. 

[Claim 1 5] X:Mn is switched connection film of a presentation ratio with Elements X and Mn according to claim 1 3 or 1 4 which is 
within the limits of 4:6-6:4 comparatively. 

[Claim 16] The X-Mn-X' alloy used as said antiferromagnetism layer is switched connection film according to claim 9 to 15 
formed of a spatter. 

[Claim 17] It is the switched connection film given in either of claims 1, 7, and 8 which said antiferromagnetism layer is formed 
with a X-Mn alloy (however, X is any one sort or two sorts or more of elements among Pt, Pd, Ir, Rh. Ru, and Os), said 
antiferromagnetism layer is formed on the ferromagnetic layer, and the presentation ratio of X of a X-Mn alloy is at%, and are 
within the limits of 47-57. 

[Claim 1 8] Said antiferromagnetism layer is a X-Mn-X* alloy (however, X). They are any one sort or two sorts or more of 
elements among Pt, Pd, Ir, Rh, Ru, and Os. X' Ne, Ar, Kr, Xe. Be, B, C, N, Mg, aluminum, Si, P, Ti, V, Cr, Fe, Co, nickel, Cu, Zn, Ga, 
germanium, Zr. Nb, Mo, Ag, Cd, Ir, Sn, Hf, Ta, W, Re. Au, Pb, and the inside of rare earth elements — one sort or two sorts or 
more of elements — it is — the switched connection film according to claim 13 to 15 which it is formed, said antiferromagnetism 
layer is formed on the ferromagnetic layer, and the presentation ratio of X+X' of a X-Mn-X' alloy is at%. and is within the limits of 
47-57. 

[Claim 1 9] The presentation ratio of X of a X-Mn alloy or the presentation ratio of X+X' of a X-Mn-X' alloy is switched 
connection film according to claim 17 or 18 which is at% and is within the limits of 50-56. 

[Claim 20] It is the switched connection film given in either of claims 1 , 7, and 8 which said antiferromagnetism layer is formed 
with a X-Mn alloy (however, X is any one sort or two sorts or more of elements among Pt, Pd, Ir, Rh, Ru, and Os), said 
antiferromagnetism layer is formed in the bottom of a ferromagnetic layer, and the presentation ratio of X of a X-Mn alloy is at%, 
and are within the limits of 44-57. 

[Claim 21] Said antiferromagnetism layer is a X-Mn-X' alloy (however, X'). Ne, Ar, Kr, Xe, Be. B, C, N, Mg, aluminum, Si, P, Ti, V, 
Cr, Fe, Co, nickel, Cu, Zn, Ga, germanium, Zr, Nb, Mo, Ag, Cd, Ir, Sn, Hf, Ta, W, Re, Au, Pb, and the inside of rare earth elements - 
- one sort or two sorts or more of elements — it is — the switched connection film according to claim 13 to 15 which it is 
formed, said antiferromagnetism layer is formed in the bottom of a ferromagnetic layer, and the presentation ratio of X+X' of a X- 
Mn-X' alloy is at%, and is within the limits of 44-57. 

[Claim 22] The presentation ratio of X of a X-Mn alloy or the presentation ratio of X+X' of a X-Mn-X' alloy is switched 

connection film according to claim 20 or 21 which is at% and is within the limits of 46-55. 

[Procedure amendment 4] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0001 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0001] 

[Field of the Invention] By the exchange anisotropy field which this invention consists of an antiferromagnetism layer and a 
ferromagnetic layer, and is generated in the interface of said antiferromagnetism layer and ferromagnetic layer When formed with 
the antiferromagnetism ingredient with which the switched connection film with which the magnetization direction of said 
ferromagnetic layer is fixed in the fixed direction is started, especially said antiferromagnetism layer contains Elements X (Pt, Pd, 
etc.) and Mn, it is related with the switched connection film which enabled it to acquire a larger exchange anisotropy field. 
[Procedure amendment 5] 
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[Document to be Amended] Specification 
[Item(s) to be Amended] 0004 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0004] Generally the Co-Pt (cobalt-platinum) alloy film etc. is used for Cu (copper) film and a bias layer by the Fe-Mn (iron- 
manganese) alloy film or the nickel-Mn (nickel-manganese) alloy film, the fixed magnetic layer, and the free magnetic layer at the 
nickel-Fe (nickel-iron) alloy film and a nonmagnetic conductive layer at said antiferromagnetism layer. 
[Procedure amendment 6] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0016 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0016] This invention is for solving the above-mentioned conventional technical problem, and when the antiferromagnetism 

ingredient containing Elements X (X is platinum group metals) and Mn is used as an antiferromagnetism layer, it relates to the 

switched connection film which enabled it to generate a large exchange anisotropy field. 

[Procedure amendment 7] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0017 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0017] 

[Means for Solving the Problem] In the switched connection film with which an antiferromagnetism layer and a ferromagnetic 

layer touch, and are formed, an exchange anisotropy field generates this invention in the interface of said antiferromagnetism 

layer and ferromagnetic layer, and the magnetization direction of said ferromagnetic layer is carried out in the fixed direction Said 

antiferromagnetism layer is Element X (however, X) at least, the inside of Pt, Pd, Ir, Rh, Ru, and Os — any one sort or two sorts 

or more of elements — it is — it is formed with the antiferromagnetism ingredient containing Mn, and interface structure of said 

antiferromagnetism layer and ferromagnetic layer is characterized by being in a disconformity condition. 

[Procedure amendment 8] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0018 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0018] Moreover, it is desirable that a part of [ at least ] crystal structures of said antiferromagnetism layer serve as a face- 
centered square superlattice of L10 mold. It is desirable that the crystal orientation of said antiferromagnetism layer and a 
ferromagnetic layer furthermore differs according to the interface of said antiferromagnetism layer and ferromagnetic layer by 
this invention. 
[Procedure amendment 9] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0022 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0022] Moreover, in this invention, said antiferromagnetism layer is formed with a X~Mn alloy, and, as for Element X, it is desirable 

that it is Pt. furthermore, the case where said antiferromagnetism layer is formed with a PtMn alloy — the ratio of the lattice 

constants a and c of said antiferromagnetism layer — as for c/a, it is desirable that it is within the limits of 0.93-0.99. 

[Procedure amendment 10] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0033 

[Method of Amendment] Deletion 

[Procedure amendment 11] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0034 

[Method of Amendment] Deletion 

[Procedure amendment 12] • 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0035 

[Method of Amendment] Deletion 

[Procedure amendment 13] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0036 

[Method of Amendment] Deletion 

[Procedure amendment 14] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0053 

[Method of Amendment] Deletion 

[Procedure amendment 15] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0054 

[Method of Amendment] Deletion 

[Procedure amendment 16] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0146 

[Method of Amendment] Modification 



http://www4jpdl.ncipi.gojp/cgi-bin/tran>eb_cgi_ejue?u=http%3A%2F%2Fw 2006/02/09 



4/4 s<—i> 



[Proposed Amendment] 

[0146] If this refers to the film configuration of example of comparison **, NiFe, CoFe (free magnetic layer), Cu (nonmagnetic 
conductive layer), and CoFe (fixed magnetic layer) which were formed on Ta Since the difference of the lattice constant of CoFe 
(fixed magnetic layer) and the lattice constant of PtMn (antiferromagnetism layer) before heat treatment is small so that the 
amount of preferred orientation of {1 11) sides may become strong in response to the effect of Ta as a substrate layer and it may 
understand with reference to drawing 6 strongly Strongly in response to the fact that the effect of the amount of preferred 
orientation of the {111) sides of CoFe, priority orientation of the {111) sides of PtMn will be carried out in the direction of a film 
surface. 



[Translation done.] 
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0»*L<Bs 0. 5-5<Z>SSffl(*jr£>3 0 

[0 0 2 6] 8 6tc#»WCtt. Mesaftttttii«s t X 

-Mn-X' ^rMSnSH^, TcSXiMniO 
iffi/&Jt<Df!f^X :MnB, 4:6-6: 4<D$5fflF*TC& 

5X-Mn-X' C3&B* > *&CCj:9 0fiK3<ft£ 

[0027] *»8H-c«, nizm&mvim&, X-Mn 

^ (/c/clX(t Pt. Pd. Ir. Rh. Ru. O 

io sco ; 5^c^-rn^iasytB2SJ[y±<D7c^r^^) x 

tsO, X-Mn^cDXOttJjRlfctta t%r, 4 7-5 

[002 8]$ te*»WTB, mBsa»Btsui#. x - 

Mn-X' £3e (fcfcU Xtt. P t , Pd. I r. R 
h. Ru. OsC0^^l^-rn^lS*A:B2«fe(±<D7C 
fRr&0, X' B\ Ne. Ar. Kr, Xe, Be. 
B. C. N, Mff, Al. Si. P. Ti, V, Cr. 
Fe, Co, Ni, Cu, Zn. Ga, Ge, Zr. N 
20 b, Mo, As, Cd, Ir, Sn. Hf, Ta, W, 
Re, Au, Pb, acX#±»7C«05% l«*3ttt2 

«^<wc*r*s) x&f&ztx, mtsssammifim 

SfflM<D±:icBtii$tlX*S*). X-Mn-X' ^<DX 
+ X' OfflJlRtttta t %"C, 4 7-5 7<D$BHF<9"C&£ 

[0 02 9] 3 6fC**9!"Ctt, X-Mn^feOX©a 
/£lt, *Sl»BX-Mn-X' Afe©X + X' OifitfSit 
Bat«C 5 0-5 6<DiSHrtr*4Ci#J;»)»* 

30 [0 0 3 0 ] *»Wrt*, NESIiiffilAi. X-Mn 
^4 (fc^LXIt Pt, Pd. I r. Rh. Ru. O 
s(09%t»"rii^l«**:B2«Ja±©7cJR*r**) T 

X-Mn^(DXCD^RtbBa t%-C, 4 4-5 

7 (omm^-v $> h c t #«* l i> 0 

[0 0 3 1 ] *fc##M|-Ctt, 8H8K3l«1&l*s* X - 

Mn-X' ^ UtfclsX' tt. Ne. A r . Kr, X 

e. Be. B. C. N, Mg. Al. Si. P. Ti, 
V. Cr. Fe, Co, Ni. Cu. Zn, Ga, G 

40 e, Zr, Nb, Mo. Ag. Cd. Ir, Sn, H 

f. Ta. W, Re. Au. Pb, SO*#±®7C^©^ 
^l«*ft:«2«Jt±C07c*'C**) XBf&Zti. WiB 
jm®^&®®&m<DTK]fmZtlXte*) , X-Mn 
-X' £^:<DX + X' CDttJiStfcBa t %"C\ 44-5 7 

[0 03 2] 3 6fC*«9lirB, X-Mn^0X©a 
JSKlfc, »&C>BX-Mn-X' ^£cDX + X' (DW&tt 
Bat%r, 4 6-5 5©tfiBrtr*«c£**J:9#* 

50 [003 3] «±<D <fc 5 cc lt hfcSaittfr&B 



r 
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ft. MiBSStfSffif t ©?£»M*tt^{c <fc <0 SBtf t?> ft 
ttJf ©fi&tt;frft *WEH««ttJi©»f fcfr ft i &x-r -s 

[0034] *fc*»9Brt*. _hfes^>^^^ e>^n, 
^3SMJRffl) 7 y -Jltt®o±iiJ* fcttTitfc . F 5 
»d»«TwoiBi«*ffiwrrattBttJi*«»J«3*i. WIS 

<k *)&ifo$tiX\,>Z i>(DX3br>X 
[003 5] */£*:f6Wf^:*JW*■7 ^ *T/^^fc•>>'^V^^• 

m&mt. -jj<Dmmmimmm<D±.tsj:ui&i?<D# 

«©JB*t;frft*ii!fiEBJ£S81?feJf©?&{ fc?fft i 3&f 5 13 

[0036] 2 6tC*&99Sttstt &AMR*?tt. 
U fljie&fl&l^©±fflJ&Sl>«TffJK: F y -j 91BT 

[0 037] 43H1-CI*. £EMnBttJI& It, ii>ft< t 
*>7C3BX (X=Pt, Pd, I r, Rh, Ru, OsO 

**#s£tttt tit. mmc&s&mnmiftz&b n 

[0038] 3MBtttJI£®9NBra*#atettft&'*'S 
*. 7^WFfe6*M>Jfe?tcatt(c£M3ii. J:D:*; 

r*. 
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[0039] sr. imistmtu. mmwatw& 

[0040] '*9H9-Ctt. fflESanBBW*. mtfX 
-Mn^ (fcftfU XKPt, Pd. I r. Rh. R 

u. os©^^t,j-rn*>ia&sc»«2^±©7c^) 
10 -cj&j&sns. 

[0 04 1 ] *^-CB, Bt^eX-Mn^©X©iHfiS 
te^5£ffc©ffli. <«*.tfN i F e££) CD« 

[0042 ] jaagspg (NMisiir) (c*sw*x-Mn^ 

^(SJW»t5(t»ttJB«!)ISJM»»t«*K:. X. Mn 

JH^OKWJWffJlH^SiliJftlB^iC**^ <«T. 

20 M€:^#< ott>4©r. mg&m (msmm) x<dx 

[0 043] C©«fc5(c£2£Wt?tt, jsr^sattsibr 
X-Mn^(XttPt, Pd3?) %W8Ltcm-£. 7C 
jRX(OiejAJt«aiE(c«Rr«C^K:J:0. SSSJaBK® 

3 6CC*|6WCB. ©**^tc^ (Ne^Ar?) ifet'© 
tc^X' 4X-Mn^#KM3fSCiT. S^SStt 

ji©«R i «»! ; &^#<-cir. fria^®et±@ tmmws 
30 <t © jmewfi^^s^ttfttc-r set # njtecc a o r «. » 

[0 044] afc^JfeW-Ct*. X-Mn^. 

x-Mn-x' <t mmvm t <oi&s&m$\wmte a <t 

5tct,-cte< c<b*tJ?*L,t»„ i)$SEffiia«T«6«©# 

[0 045] CCOJ:^^, X-Mn^i, **l»«X- 
Mn-X' ^&ttW£ll&0»AEA^nQc«J:9K: 
40 LX*s< OB, m«i5li«ttJB© (111) J^DB 

X-Mn-X' &&<D {111} JBnCC^ftC« 

[0046] *Ct?*«WCB. M^^SSttS© ( 1 
1 1 } ffi**, X-MnSt *4C>BX-Mn-X' ^ 

Mn^ *iWJX-Mn-X' { 1 1 1 } M 

so sc»«^Ei*i4a*J:5fiC3attte*iiW'r*c4r. §?sb 
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[ 0 0 4 7 ] U±<D& |?M»ii^#^ttSi^c 
S^^fC, X-Mn^, W^(iX-Mn-X' 

X-Mn^, ^WX-Mn-X' ^t^m&m 

JfVtmftCDm&te, X-Mn^t &^WJX-Mn- 
X' ^C5*SS«S^, fME*^J*B*&X. MnSi^ 

f 5 C <!; CC <fc -5 4> CD r & * . 
[0 048] fete, #«Hrtt. ITOffld>jE*«mi:, 
^ttt&^CO 6 M<0 0 % . UWD 4 M<D ifrfr* Xffi^ A 

JKWi5«>&, t*«)*L l.fi©1H4vE#*HP <« 
T, SUU»^-tl^) «WHi«(c*y»*X-M 
*Sl>ttX-Mn -X' < £ fc— SB 

[0 0 49] «±<D<£5it. SSMa^fflitCitc^OX 
-Mn^t *4l»«X-Mn-X' £&<D*Sfitt£ 

m&rztfi* ccDiBBflDiHcc^catt^^B. x-m 

*SC»«X-Mn-X' ^O^NiMn^ 

^ccit^r** < «c -co*. 
[0 0 50]*^rit mftbtcxwc. X-Mn^ 

^&KJfl 3 tuM t L r^X' *«»rr 4 c<b Kit). 
*W8fflfJCC*jW«X-Mn^, **OttX-Mn- 

*«, 

[0 0 5 1] JS^ttlii^ettiii^ffi^®^^^ 
£tt«cr*fc. HMHItJWCiWO, X-Mn^ 
ftSWJX-Mn-X' ^<Dt£Mjttt7aHtt 

4(X = Pt, Pd^.ftSlJliX-Mn-X'^ 
(X' =Ne, Arf)tt FeMn^NiMn^ 
&tt if tether WAttCC®n, S/tFeMn £&9HCtt 

(Hex) 3^»l>a^H^tt*WiLr«tifcWtt 
*WUrt»*. #»WtBX-MD^ *4L» 

liX-Mn-X' ^£f&/£nr*7cftXfCP t£SJR-T 
*C<LjWffSLO. 

[0052]«±»2Wc X-Mn^ ft*C>KX 

[0 05 3 ] tt, OT&umm*&m»R? 

iir^>^l/Xf>^ :7£«fiBfH4& <fc £>* f * T )V 
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[0054] S/c, x^^^x>^WT^7^CCj: 
[005 5] 

[«9!©sa6©jBiB] h i «, 1 9SteJ&n<D 

*✓> hf :/5g»RK^©*jSft A B S Bffjrfp 
6m/tWrHia^&*a ttfc, H l rttX^fiKcgtf** 

Xb'>^;^IIifflJ k ^- F 7 s 
[0 0 5 6 ] Hl©«t>TK:»Sfc3nri»4©«Ta 

c>*. fut, «nasai!SStt»4©±«cTa 

30 [0057] aftiigKc^-rj:^^ Tt&mefrhum 
jl7*rcoejBcoHffll«:«, ^-F^^r^JH5. 5 3&« 

8. 8^a@3nrt/^ 0 

[00 5 8] **9!"CBSiriB7 1/ 1 *5J:D®3e 

114I3*i 4 NiFe^, CoFe^, Co^, 
Co, C o N i F e-&#tt£«Ci0jKfiS3ftTl>4. tt 
*50 l tc^-TJ: 5&c:7 y-attJB 1 tt— JirjgfiSSnr 

WE^y-atttlil^ m«N i Fed4iCoFe 
40 ^t&mm2titcffi&ttj:^Xi<>Xi><i;\<>U. NiF 

[005 9] «TE7 "J -fiBttJf 1 t@^Satt@3 iCDffl 

3 6CC, /^-F^-<TXJ15. 5tt, WWCo-Pt 

8, 8tt, Cu (A) W (5?>y^r*>) , Cr 
PA) «c£-C*J6£3*lTl>*. 
[00 6 0] #«HtB, BEWSJi 30±«c»*3n 
50 rt»SSS*ttttJB4B, iI>a<tfc7C*X (tttdLX 
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B\ Pt. Pd, I r, Rh. Ru, OsO^I,>fh 

[oo6i] *^g-cw, a i itjjk-rmTZM&m 3 is 
$ /t^ffijc*sw zmzzsmmm 4 ©ij>ft < <t & — sb© 

[ 0 0 6 2 ] C C7. LI ,m.<Dm>bIEM& : *± # 
Mf©6IO^%, MS4)4ffi4)>f>'l>£XJK? (X= 10 
Pt. Pd. Ir, Rh. Ru. Os) W&tto. #tftt§ 
TOPS. fc.fcCXiMtiiOTMO^CCMnll^J&iAi?) 

coo63] s/t^-cB, ®jmwB3 tixmm 

o [00641H (c^-r soi^-w^if 
»> t a ©Tfl&Jl6#fH>-c<& friBTtftJie© 
±{c^fijs 3 7 u -®ttJi i . jmsmmm 2 . *$ «t 20 

0*H®8ai4M3© {111} HSK^ftO-rWft 

0 [0065] cntcjfefo. ffin&®jmmi3<D±imm 
3tiz%jmmm4<o { 1 1 1 } mw, iaaBsefiSttJi 

3© {1 1 1} ®©Er6JS«cit^r/jN3l,>*> t 

tmmmmA i©i?M#jfi-r©Mssa»j«^)5:-pft:fc 

©<tfti>T*s«!K ta£o-Ct5SBIStffitc4BCtS«IJt*s#S^ 

[0066] ^^■ciijfeteamrciapg*'^, euestt 30 
4©na«fjg*. ^«fly^ (racv&«tt-7-) #>&tfi$ 

0/c*SIiJt&^-K£$&3it, &14ft£&fl:*j1±?Bff i &f#i=> 

[0067] *:#6^r(i, BiriBS&fiBttJf 4ti, X— M 40 

(fctiLXte, Pt. Pd. I r. Rh. Ru. 
Os©5 % C>-3*tt*P 1 «* fc« 2 SJW±©7cmf *S ) 
-CBr&Zt\X\,>&„ «MC*«I!-CB. if5SS5iiH4®4 
*JP tMn^5Cj:9^fi23n-Cl->-2.C<!:*iS?S 
X-Mn^i, «f(cPtMn^tt, 

fciS < . 3 6 (C5yHS^rttfi5» (Hex) l>ft i' 

[006 8] #«ij|T?i*, fliftBJS&fiBttJi 4 #P t M n 50 
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4>ft < i fc^©*£||#@#*J!#Jt&^ £ ft /tBiJfBS% 
6S14«4©tfr7-S»a. c©Jtc/att. 0. 93- 
0. 9 9©WC*5CiW$ll,». teTSISta. 
c©itc/a*J0. 9 SKiT^ftSt, BiTiBS^fi^Jl 
4 ©*SlMJtj£©t2tf £r j&ittJWte^-i ft £ c © J: 5 

ft #3£fc ft & <t . wumjm&m 3 i s^nti 4 £ © 

*m@Ra. c©tbc/a*J0. ggj£Lk(Ctt«&. fj 

^mmmAom^mmmm^x^T-mwmi-t ft 
-)ti,tk Bafes^fi5ttja4iHs?itte3<t©#M 

[0069] £C3t?ftWaJ5&a&1*liJf 4#. X-Mn£ 
& (/tfc"L/X«. Pt. Pd. Ir. Rh. Ru. Os 

©^fe^-rn*»ia*/cii2a«±©7c«r**) x& 
j£s*i£*§^. «y«iaBu©Kiig{cfci,>r. @®stt»3 

t J5M14JI 4 t ©fi«&i*£#»£tta!l t -r * fc<6 
«C. *^-c«. ftriaX-Mn-&^©iffl^l:b4TIB©S 

[0 0 7 0 ] frt2JS^JS14®4*i. X-Mn^£(7tft: 
LXW:. Pt. Pd. I r. Rh. Ru. OsO«l> 

-rn^ia*it»2gji(±©7c«-c*s) -c^sn. 

3©±{C^3nSJ#^. X - M n £-:&©7cffcX ©fflfiX 
Jt«at%"C. 4 7 "-5 7©ffifflW-C*5C:<!:*SJf*U 
C>. J;»}»*L.<«X-Mn^©7E:SX©iBfiRJt«a 
t%r. 5 0~5 6©46fflrt-C*5. 

[0071] ±mLftmM:ftxi5J8mkm4*&i8,? 
st, s^amr. o**3^s«j&*s^«flij«^ifto-c 

l>SI8lii-c©mr5flJ5^l2ttS4©t&^-^t > BSBte 
IS3©^^Kti©H*^&<-rSC<!:*i-C* > 

ssyaiatfrtcr. B5iB@^aaM4® 3 tmm&f±m 4 t©ni 

[007 2] c©«si-r^Kia=&sg-r t. mrfas?fifiai4 
H 4 ©MS«®©^1:«: <fc K) . 5^^S*14fia^^ 
L . Btr^ Lfc«fc^(CX-Mn ^^©tc^X ©ifflfiSik©*a 
f&tt&&t%V, 4 7~5 7©l5Hrt-C*-5«!:. 40 0 

(Oe : wWfv F) «±©3E^^ttfiaE^*ff S C 
i*SoJtg-ca-S„ SfcX-Mn-&^©7ESKX©*IfiKtt« 
at%T, 5 0 — 5 eOflSfflPg-CASi, 6 0 0 (O 

e ) W±©3a*^tt«W«:ff £ C i *ipj<iera>s. 
[007 3 ] CCfc5 4 i L 

-CX-Mn-^4ffiffllxfc»&. 7i3?SX<DMmb*±m. 

fig{C^oci*i"BJtBt?*5. Sfc^WTtt, X-Mn 

o . jssfi^ffli 4 ©*&T-5£»*;*:t < -c* . tmrntmc 

*»W 4 <b H5©8tt» 3 <b Off 1BflKB«^MS 
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[0074] X-Mn^£&C7C^X' £fln£/i:X -Mn 
-X' ^XtMntvmf&ZtlZgM&^O 

at. T^xtMnirw^^n^Jigs^ot&^o- 
tS&xbp trwciWSlk 

[0 0 7 5] <bC5r*«Wt?«iflSX-Mn-X' £ 10 

flJIHX-Mn-X' ^tt#mBtt«"CJaBISn % 
fi!ti$hfcX-Mn-X' BtfcDTC^X' *J, 

tu^X iMni ttf»J« 5 ft ©HWB CC«A L , 

^#<&5. 20 

[0 07 6] ifc*»WtB, 5BRX' iOr^^^CTC 
(EUR) cne^MnicD^a 

ffcWttTHRX' B, Ne, Ar. Kr. Xe, Be, 
B, C. N, Mg, Al, Si. P. Ti, V, Cr, 
Fe, Co, Ni. Cu, Zn. Ga. Ge, Zr. N 
b. Mo. A sr. Cd, I r, Sn, Hf. Ta, W. 
Re, Au, Pb, ROTfr±»7C* ( S c . Yt7>^ 30 

(La, Ce, Pr, Nd, Pm. Sm, Eu. 
Gd, Tb, Dy, Ho, Er. Tm, Yb, Lu) ) 
©5% l«*fcB2«^(D7C*r4>*. 
[0 0 7 7 ] ±EJC^Lfca^tt7cSRX' 

***<t*4#. ^ccaf^rHigr^Tc^x' £<se 
arrsateB. bmibtc^x ' ©afctbssfc^fco-rfif 

[0 07 8] »to«wrCB, <IAMt@i§t, ^R£t4 40 
#*©#;tf;*7HR <N e, Ar, Kr. XeCD^li 
*fcB2«£Lh) *tE*X' 4Ut«B«C4W» 

K»*^*Ct3*sft<, 3^>cc, Arftt'B, X^v 
[0 07 9] «C*$, 7C5RX' *C^X*©7cJR*ffiflaUfc 50 
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«£(CB* M*(C^S©tc^X' *d*^"*CtBB» 

[0 0 8 0 ] ft**»Wttt, tc^X' Offi&tbOfiH 
*S85£lyr*fO. »*lyC*BSBB7C*X' <E>iffl>i£f5HB. 
at%r0, 2*6 10-C»5, J:9#*L<B> at 
0. 5^65t7^-5o *fcC(0i», 7cJftX£M 
ni©jB#t©lteX : MnB, 4 : 6-6 : 4<D«B 
rttAiCtJ&iffJIHn 7c^X' <DM)&tb±, t£MX 
tMnt<ommit<Dm^X :Mn^ ±IB«HrtrH« 

[0 08 1 ] S6ic*»98rtt, X-Mn -X' 
(/c/clXft Pt, Pd. Ir. Rh. Ru, OsO 

5 % i»-rn*» i as fcB 2 «a±©7c*c* 9 , . x # 

B, Ne. Ar, Kr, Xe, Be, B. C, N. M 
S. Al, Si. P. Ti.V, Cr. Fe, Co. N 
i, Cu. Zn, Ga, Ge. Zr. Nb. Mo, A 
g, Cd. I r, Sn, Hf, Ta. W. Re, Au. 
Pb, RCX»±jR^09ftl«*^B2«JU:©7C* 

(c. HS88ttJB3©±«:jgj!Ksn6»^, infffiX-Mn 
-X' ^CDX+X' <Dffi/£tLB a t %~C\ 4 7-57 
©$5fflrtr&£C£;W£0<, <fc0»*L<B, X- 
Mn-X' ^&<DX + X' OttJ^itBa t%r, 50- 
5 6<DlSfflrt"C^>4o 

[0082] «yea««rr c ice j: ^xBSomm* t 
wjebhsem 3 1 ©ira-ca^r * $g»*s^«fKc * 0 , 

9WBIl5eBB»J§3<0»{fcB, H 1 CCm-rY^filfc^HK 
&X-Mn-X' ^<Dtc«X' ^W^^^X^cDTt;^ 

(Dffi^tb^ofc, mmmk<Ditmx' ©»uutB^3< 

Jot, jfflJsR^X-MnCC&orL/J^Cli^a**, 

ma konmm&mm&w&tt&*?x\<*i\\t, mm 

tc7 'J-fiBtttJB IB, *©HflPKcjpJiS3tirc»4^- F 

[0083] Bntc^-r'>>^^tr>^;w^saiiH* 
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%tit?z>. ccDi#. &mn*w, }m&mmm2tm 
3©t&ffi!3 t<onm. £tcwm®mmm2 £■? v-m 
«■» i t<DHm-c&&*mt u nrnmnfi^it-ri. 

[ o o 8 4 ] m 2 it. *mi<Dm2mimm<Di<>>yj\> 

2{c^Tct^{c. T#>£TBW16. S3&B14J14, 10 

B. mi lC7r;-rm&m.fflg4£fflCmic< X-Mn^i 
(fefcXXB. Pt. Pd, I r, Rh. Ru, Os© 

KBPtMn^, ifciiX-Mn-X' ^£ (fcfti 
OX' Ne, Ar, Kr. Xe. Be. 6, C, 
N. Mg, A 1 . Si, P, Ti. V. Cr. Fe, C 
o, Ni. Cu. Zn, Ga, Ge, Zr, Nb, M 
o, Ag. Cd, Ir, Sn, Hf. Ta, W. Re, 20 
Au. Pb> i&tf#±3K^©^l@*fc«2«KU: 

3 . im/B&imm . -mnm iti n 1 -c 

i&BJ L fcWfcM S tin > £ . 
C00 8 5] coD^SfeMcte^rk. B5HH4J13 <ij£ 

* IcWffilCts <it &pri&53£8Bt4Jg 4 O'PU < i 4>— SPCD 

[0086] &tcT a ©TflWf 6 ©±(cjf*j£3*ifc«fie 30 
M^®tt®4© {111} ffitt. #DB(CWf«c#|4llca 

(ill) nojraftftitctt-rsERiftt*. mm%&m 

gtMWffltf**,, CCD£9CC, 02-C«HSCC*j{t5fr 

tes^sattJi 4 &b£8M£ji 3 1 ottasft -> r 

[0 0 8 7 ] iC5T, J53S8&ttJ14#SX-Mn-&£ 40 
(fc/iilXB, Pt, Pd, Ir, Rh, Ru. Os© 

o^c>-rfta>i«*fci*2ay±©7c^T4>5) -ww* 

H 2 (CRT J: 9 K. J^fiBtt®4#ll5©aB14Jf 3 
©T<c»flSSn*«*, E«fflMtJi4«tli)W-.5X-M 
n^©7clRX©ie^Jt« a t 44-5 7 ©®ffl 

rt-C*SCi*5Jf*OC>. C©i6HF*3-C*ft«, 40 0 
( O e ) fe(±©3aftS^ttaW?:t#-S C £ tfi nJUfc-C* 
•5. J:"5»*L<ttX-Mn^«D5WX©JEJ«ttl*a 
t%-C, 4 6~5 5©«5fflF«?-C4)5o C©«5fflF*)-e*>ft 
». 6 0 0 (O e ) eLk©$&A£1£ttH*** CtUfi 50 
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[0088] C©i0«:±i6Lfciffl^ffiHrtt?S)-5<!;^ 
gyt:£ttiaW£**<1-5Ct*sr*£©tt. ^AOtSttT 

jSStfcJl 3 ©tfr?-j£J»£ ©£&;*# < C i*i"C#. 

*>6"C**. ftorj^SfcttrfC £«:<}: »K l?M(Cte 

w -s flrcssMtt&M 4 < t t>-m>m§kmmz . 

«R|J«7-(C9QB 3 * * C <t *» aim £ ft 4 . 

[0 089] */cfrfSJ^®tt@4*i. X-Mn-X' 
(tctclsX' «> Ne, Ar. Kr. Xe. Be, 
B. C. N. Me. Al. Si. P. Ti. V. Cr, 
Fe. Co. Ni. Cu. Zn. Ga. Ge, Zr. N 
b. Mo. Ag, Cd, I r. Sn. Hf. Ta. W, 
Re, Au. Pb. &Vft±M7GM<D'?% 1 S*ifctt2 

«tLL©7csrc«&s) -c^fissns^. frtex-Mn 

-X' ^tt. X^- y 5fj£{C«fco-CB^$#l. TC^Xi 
Mni-CMW6Sfi*aHB»T<DHlllBK7c*X' tfftAO 
fcftAMS^ift 1 ), *4l»«. ycfXiMniti 

[0090] tcMX' zwk*^m?zKmmm4<D 
Wf-iemt* mnttmx' %^wu%^s®»i4Ji4© 

*»ftf SM3£6ai«fee 4 t H^SSK® 3 £ ©#?Mt*jg£#3g 

[0 09 1 ] fe*j*lfeBj-r« t m^ic^^ifMX' © 

jHfiKJt%, at%T, 0. 2~10©ffii(^il t J:0 
»*Ol»ifi«S«SH'&a t%f t 0. 5~5©«5ffl^<tL 

«C. 7c3RX.i:Mn<!:©ia^ifc©f)-&X : Mn€r, 4:6 
~6 : 4©ISfflrtt-f*l«\ .fcO^t^^^ei?* 

[0 09 2 ] *fc##&gjT«. S2{C^-TJ; i 5{C > X- 
Mn-X' ^r^3tlfcS«fi5ttJ14*5H^fi8t4M 
3©TOTtc^fiSSn4*iA k X-Mn-X' ^©X + 
X' ©ffl^ttl*. at%r. 4 4~5 7©«SHF*3r*S 
C4*WiW>. J:0*?*L< BX-Mn -X' -&&© 
X+X' ©iB^SJttJ a t %f. 4 6 ~ 5 5 ©JSHrtrS) 
4. 

[0093] a2 ic^-ra^fta 3 ©swttt, 

S^ffittS 4 t©W®«c-C^-r 4^BiM^ftt6SW{c J: 
»). H^Y75f|fiHCfllfflBZft3tiH3e3*i'Cl>&. 
[0094] H2 fc^-T J: ? V -MUM 1 ©±(c 

^X^x^^'S-CTXagCS. X-Mn^i (fc/cbX 
Pt. Pd. I r. Rh. Ru. O s © 9 % tvTft 
A>l«*fci*2aJ£t±©7n^f*4) . W*0<«Pt 
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Mn^, Jfc{JX-Mn-X' ^£ (tctdLX' tt, 
Ne. Ar, Kr, Xe. Be, B, C, N, Mff. A 
1, Si. P. Ti, V. Cr, Fe, Co, Ni. C 
u, Zn, Ga. Ge, Zr, Nb. Mo, Ag, C 
d. Ir. Sn, Hf, Ta, W, Re, Au. Pb. 
&CF«±»E*05% l«*fc«2«^©7G*-C* 
S)-"C»JS3*iTl»4. 

[0 09 5] X ~Mn^<D7tmX(Dm&lt^a t% 
47^5 7<0BBrt4«C-*ro»*. <£ 9 Jff* 0 < 
X-Mn^<D7C^XcDiflR£ttftia t%r, 5 0—5 6 10 

x' Ttmx' <omataAtat%v % o. 2 

-1 0<D$5Hf*g-C<&9, J:9»*OL>«tfE«H»a t% 
T?, 0. 5-5©IBHrtr*S. S/C7C^XiMnicD 
ffl/£J*©S^X :MnB, 4:6-6: 4©$Efflft"C& 
SCW0*Lli B 36&C, X-Mn-X' ^£©X + 
X' ©IBJ0EJtKa t %"C, 4 7 — 5 7 COf5HF*g<h&oT 
l^CiWJK, J:0»*L<BX-Mn-X' ^ 
£<DX + X' 0«fiStk(ia t%T?, 5 0-5 ecDffflP 1 ? 20 

[0 0 9 6 ] ±&Ltcmimmftv&&£, y V -SSStt 
mi t^z^^isv^jy^ms tvnmmmtim 

^KliftO, Sl>ft< i*>W®5cr4 0 0 (Oe) K± " 

[0 09 7] C©Jc^0CLT^&3n/^>>^Xt"> 
flfr&H^Y^ftfcRffcr*. CO? y-«tt)B lrtr 

50&14S3, #ttBtt«*H2* *>J:^y-«tt«l«J 
JMH/raBBsn-c^ft. S&fcttlB^yHBttJii© 

4, *$J:CX«tiJi7^iSigS0T!»@3nri^ o 
TAWB6 *>6«BW7 *r©0JBJBI©nffjCC«^x- 

^rxi5, 5, 3sm®8, 8*sawstir^*. «t 

J&3E3*VCI»*. so 
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[0 0 9 9 ] H3ec^TJ:5fc % 7 y HBttJB 1 «fc 0 fc 

TK»flE3tirc»«(0r. H2K7j«-JRS«8BttJB4iB 
Da«C, BlTffiJ5?fiSat±@4 4«^5X-Mn^©7C 
*X©iBd6fcfctta t%r, 4 4-5 7CDjEHF*?r&*t 
£#i?*0<, J:0»*L<ttX-Mn^*©7C*X© 
fflSfcifcBa t%*t\ 4 6-5 5(D|Bfflf*rr&£o 
[0l00]*fc, 7>;-iiii J;<3fc±«Kc®«3 
nrc»4JRSK8ttJ14B, H3E»ttli3©±«:»«3n 

n^or, Hifc^ > rssSi»tt«4ii§ic««c, ure 
mmfem 4 **8/i£-r sx-Mn ^©Tc^xcoajsj:!: 

Bat«r t 4 7-5 7©ISHrtr**Ci^»*L 
<, J;0»4L<«X-Mn^cD^X©iBJiJclt«a 
t%~C, 5 0 — 5 6<DflSEif*rC&£. 
[0101] C©ttJ«WHrtt?*titf, IWBfflW«:*W 

^Hsssttii 3 <D^^tsffimm 4 ©*s^ j@r t 
#ffl«jS*#HB^tt*4c-r * c <t **c * * «e r 

«:ifi^^J^«:SW3-tt*ct3WRl»r**. ft** 
SWfiSSfcfiKttJf 4^PtMn i^£T^/£3 ft £t§^ f& 

wmmctov&mzimMWg4<D&*m$ka t c ©Jt 

c/att. 0. 9 3-0. 9 9©«Hrt*C**C<tJWJ 

jii^ s«fiaffii4<j:a®aEt4^3<h<Dj|gsss 

[0 10 2]±2l/cM»tntl 4>«C<±*>4 

00 (o e ) «±©saw»tt»**»* c t#w«-c 

JS^fflEtt®4^a®S5f4ii3<DTCc^-r$^ 

co^X<Dffl^JtOf6H ; &^F/A< ficiOTItCft 

[0 103] S£teHS(Hatt»4*tfX-Mn-X' 
J|5j«3h4»^B, tc^X' (DffifictLB, a t%r\ 
0. 2 — 10 (Df6ISF*9"C#> 0 * *0»*Ll*iHfiE«B« 
at%r, 0. S-SCOffiHrtTA^o ^^TC^XiM 
n<bOffl^SJ:bCDf9^X : MnW\ 4 : 6-6 : 4(Dfflffl 

[0104] 3 6tc^ V-mm 1 J: 0 feT««:««3 

nri^jg^fiai4B4(DJs^ BjfBS«fiatt®4^^ 

«X-Mn-X' ^CDX + X' ©JBJS8ikttat% 
t?, 4 4-5 7(Dl5fflrtrA^Ci^5f*L<, 
iKttX-Mn-X' ^(DX + X' ©fiflStbtta t 

4 6-5 5CDt&HF^t?*^o 
[ 0 l 0 5 ] ifc, 7 y-«tt» l J: 0 t>±««:»«3 
tir ^*SSW»tt« 4 ©ig^, mffBJS5S®tt/i4 ««idt 
«X-Mn-X' ^4©X + X' <0fflJ5lttt«a t% 
"C, 47-5 7<DmWft-C$>2>t£Am£L<, 
$L<(iX-Mn-X' ^CDX + X' OfilSttBa t 



21 

%r. 5 0 — 5 6©S5ffll*9r&£ e 
[0106] ±B*«IWrtr*tt« % Mteatftc*stt 

[0 107] ft*5C©7 r *T^tf>-'^^SWJBBR J F 

*>a i ttc^?^>#)\,xv>s<)i7mmBn?±fflc <fc io 

Afreets}* 6 nn>£ 0 
[0108] »ii8*67»j-«ttih 

■ 10>mtBH^X#ft*6Y#flfcRttU COt^ 

2 -ssttn i t<Dmm. * 

*SC*J«r#<, ^ttftmil 2 t? y HRH» 1 £<D 
»ffl, *i J: OWHBiM* 2 <b HSiKfflf 3 t<DRW<D 
2®j?fr&&<D&c**u ii3$c^Tf J ^T;vxt;*>^n> 

S»«Wi2i7y-attJii t©2«Bf©»Bi, # 
ffiftSMJH 2 <b H^^tt® 3 £ 2 SdTOWfficDI 1 4 ® 30 

{b*£f#£ c £ ansttfcr **. 

[0110] B4B, 2faW©*4j|(Bg«<DAMRffl 

T^6$fc8ttt@ (SALS) 1 0, ^ttttM (SHUN 
TJi) 1 1, *J:W8»«!fW (MRJl) 1 2#mkb 
rSUBShT^S. «AI*IWSftatt»l 0B. Fe- 

N i -Nb^, ^affli 1 1 B, T al, aSHSK/f 
12B, N i F e^£fCJ:9JBJ0S3*iri>S. 40 

[oiin tfrsBfiameta® i 2 ©±«:b, b ^ * *m 

X/g (Jg^eSttB) 9, QsWgJiJcStu ££Cc. MIBx 

[0112] H4tC^-rx^^^^>^VT^B9. 

«CC V X-Mn^ »SSL< BP t M n J&SS 3 

X-Mn-&&©7C«X©«afiSI;tBa t %r, 
47-5 7<3D«HrtiftorC^* s J:0»SSL<BX- 50 
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Mn^©^X©l&JBKttBa t %r, 5 0-5 6<D$6 
Hftrfc&o 

[0 1 1 3 ] 4fcKTEx^^^*>y^-f 7X19, 9 
B, X-Mn-X' ^ (fc/clX' B, Ne, Ar. 
Kr, Xe, Be, B, C, N. Mg, Al, Si, 
P, Ti. V, Cr, Fe, Co, Ni, Cu, Zn, 
Ga, Ge, Zr, Nb, Mo, Ag, Cd, Ir, S 
n. Hf, Ta. W. Re, Au. Pb, &0*±«7C 
m<D5%im$. fcB 2 ««±<D7cJftr ) rff?/£3 ft 

rfcO, 7n*x' (DifijgjEtbB, at%r, o. 2-10 
©«Hrtr*»K £5#*Ur>«JSM6HBa t%r, 
0. 5-5©f5fflF<9r&£ 0 £fc^X£Mn£<£>$i0c 
J£©»teX : MnB, 4 : 6-6 : 4<D«&SBrtr&<5 C 
iJWffSlA*. *fcB4$Ciirri^;**x>^WT;* 
19, 9B, i2{C^ti^X^x>^>fTX19, 
9iBI«K: % X-Mn-X' ^feCQX + X' ©IfofctfcB 
at KiT, 4 7-^5 7<D|5Hrt<fcttori»4. <£9ilT£ 
L<BX-Mn-X' ^&£>X + X' ©J&JStfctt a t % 

r. 5 0 — 5 6(E>«gffli*jr&5 0 

[0 114] £ax-Mn^*5l,»BX-Mn-X' 
^&<Dfflj&tb£±M 0 te«Brt r JBjatrti tf , mffBx 

X^x>^>f7^19 ( 9£$^ffitnJg 1 2 £(7)1?® 
^«#S^tfaK£&<K «WB«*Mrt-CiK:J:0, N 

i f e ^<ommmm 1 2©*uw*2 00-30 o* 

>yxhn-Aco*f^B, m)iHl^ffiicr^4 0-l 10 

(Oe) ©3aft»*ttSa»3W»6ti, tObH NiF 
A<D»&5CB, #6 0—110 (Oe) <D£B&M7?f4S£ 

^x*Wfic#«Kftsti*. *LTCh*c»»s*vc«r 

fdSSMffiiaBl 2C0AM^©e j fb^a7nX^ftS}^6 

£T ©cfiSttsi o^Y7^(cen*sn, 

tittil 03Wfefc6rWBB^x*;l/=f-K:j:ri, fiS 

en^ 0 xftfatcmmmtzfrtcffism&im 1 2cdam 

laB 1 2<DA««0»»*<fc«:»'rSiewaEft (SS^ffi 

S3tsn-2> fl ee«#©»«*rtBz*rtir*») % 

Y*|SlK«|i«»^#it6nSt, ^ffitaBl 2<OA 
moftKilVXft: ^ , c tiffiMBEXitt L xma s n 

[0115] «±»aufcJ:5Cc, *«Httt» JS?»e 

Mn^ (/fcftitXB, Pt. Pd, Ir. Rh. R 
u. OsCQ^^C^tx^l«^/i:B2Sfe(±CD7cSr«> 

%ettS4(D&Rtb*iittCciaip-r^c<b{c^:0, WiB 
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B5S&tt®3 (fcs^c*? v-m&m i xftimfmtn. 

*7G*X<!:MnftWC, 03tc«<!: L/"C7C^X' (Tfcft: 
OX' B. Ne. Ar. Kr. Xe. Be, B. C. 
N, Mg, Al, Si, P, Ti, V. Cr. F e. C 
o, Ni. Cu, Zn, Ga. Ge. Zr, Nb. M 
o, Ag. Cd. Ir, Sn. Hf. Ta, W. Re, 10 

au, p b , %.v%}±®jm<D 5 *> i «* /t&i 2 mx± 
©tc^-c**) zmm-rzcticj:*), wibtcSx' * 

V y -fiBfflB 1 SfcBSS^ffifn;® 1 2 ) £©l?ffi«3S* 
[0116] SftjniI«K&«#Sd«dB& br*s< C <t 

r£gyi:£tt^i£f#sc£#rgr-5©B. ssyaffl*«s 
* c t tc j: k> , friajs^^tt^ 4 <Dttattjft«7MMtt 

iF-rtP 6«flWfr?-fc:£JB 3 1* * C t j&*C * 5 ti» 6> f * * 

ffle^Mm4<Dftm@tta. c©Jtc/aB. 0. 30 
93-0. 9 9©igfflrttr*SC<!:#*?*l,l> (*>&* 

^•5©Ra, c©J£c/aB0. 9 18"C*S)„ 
[0117] &*s. **Hirct*. iftSUffiKflMMS^I© 
Hm&m 1 ~H4 K^T^itKRg^-r-S fe©rB«Ct». 
WLBia 1 (C7n-Ti/>d/Jl'^ t>^^^f»M^^©18 
^ F'^T*Jf 5. 540fiSL&C»r, 

f&l i ©Tffldcc h =? v ^ifaTw©raPi*^wr j. 

^7*J19, 9J£JBJSSOttt>T. TiiSe A>6£gsgB7 
£r©6Jf©MM, *Sl>B4>&< it>7 VHKttJBl 

[ 0 1 1 8 3 H5 B. HI *^H4fC^-riSaMffi!n3i»m 

0^BM4»6AfcKIiia'C*S. flr#2 0B, WLWC 
N i F e^&i'TT&ESSftfcTIHfc'-.M' F»T*») . 
C ©TaS^- ;U FJB 2 0 ©±{CTSP^ t^!2 

fissnro**. nfcTaift^i2i©±ic8, hi 

#> 6H 4 CC^TKBStffitrB&SI^Ji 2 2 *JJf$fiS3 tVTfc 50 
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0,36 tcMflBi^&tftlftJItiroi 2 2 ©±«C«. ±g» 
'^12 3 *W3n, tafa±SP=f + »^|230 
±CCB. N i F e£ftte£rX$jft£ftftJ:tt2'-*FJI 

2 4^jssnri,^„ 

[01193 «rET»¥+ v*mz\ rolls^* ? ^ 

B2 3« s flMltfS iO^AI.O, (7*3^) &<L* 

©3»M(*m«cJ:-5-c3&)*Stiri,»S. EI5tC7j\-rJ:5 
IS^ft ^IG 1 X$>K) . C©=Pf » ^SG 1 jW> 
[01203 

fc. «ibt«, T#>6S iIS/r;Rt/T«! 
1: Ta (100) /H£&I£JI : N i Fe (3 0 0) 
/^mmm :PtMn O00)/Ta (100)© 

fcO. *fik»+>y^ Ha-Ar*4. SUII»IMB1« 
JtSttl»SI»r. X*HJW>0/2OatcJ:»3. Ptf 

[o 1 2 i ] HejcTSTiSfc. p ts#sftJjirr-5(c-3 
ti-c. mm&m <p tMn) ©«^-^a*^<*-3 

C o F e^5fe> ifc»C o©«*-j£»B, BK 
m-Ti^ic, $5j3. 5~3. 6©|5Hr&&. 
[0 1 2 2 3 *<c. JS?»ffiatt®*HSSttttS©T. 4>S 
l>«±iCfSiEl,ifc2-30^1i4, DCv^FD>^ 

©M«K-3«,»-cpJ^ft:. -e©*H*g*=&0 7 (Cin-T. 
[0 1 2 3 3 S?»fiat4H*i. BWBHttMOTtcSASn 

ttJI : Ta (5 0) /^fefi^tt® : P tMn (3 0 0) 
/HS8Bt!feJB: Co„Fe„ (30) /MUSM: Ta 

(ioo) onrrflwu finas?siKttJi*i, H^fifttt 

«/Til/5^/Ta (5 0) /a^fiSft® : Co s „F e 
„ (30) /J53SS8t4J! (300) /fill : T a ( 1 

oo) vmxffimLtt. k*s. ±3mm><D$mumm 

*^*>LT*J»), *ftBa»->y* Fn-A-C&S. 

[01243 Sfcssft^axejcfews^fFi l--cb, s 
-r#i&{c 3 Kjra**> . yc«c 2 4 o K©sst*as4 3 ^ 

1X^S§5X 10-'Tor rfilTiU. 
[0 1 2 5 3 07{C7n-ra:^{c, (P tMn 

jW. a^at4)l©Tffl'J{c&Sti^> te£t>'±ffl|{c 
^•St&^^CC, P tS*i$*j5 0 a t%£-C*#< ftSSC 

l/Wot, 293lkH^ttHl l ttiK<&;r>-ri.»». Pta 
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[0126] 400 (Oe) fcl±©£»ll:fr«:«8lft*f$ 

zicte. fxsmmm (ptMn) %mm&®m<DTMK. 

$ftLft:t§$. Ptfi£4 4~5 7at%©«fflf*re. 

%mm&m (PtMn) ^mmms<D±micmfS.Lft 
m^t. ptt* 47-57 at %<Dmmprc&mc$$B 

[0127] ISfceOO (Oe) «±©£&M#ttfi&f? 

tWKB. &mmnm <ptMn) *mjm&m<oT 
micmmbtcm^ ptfi&46~55at %<D$m?j 
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■c. fmmm (PtMn) zmmmmviMiwis. 

Ltcmtf, Ptfi£5 0~5 6at%©$SBl*rCjittiC 
[0128] eLkCDXMfiJ|»>6. JS9fifi5ttJl ( P t M 

n ) otEtiJt* jM&tcmif l/c mmm tit4 ««©£ 

[0129] 

io [^ n 



(15) <®ffl¥- 11-19 16 4 7 
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«?I(3»^JilSi(l)DM«^r, J£%«1±je (PtMn) 



[0130] SftJCMl«l0O^JIHK:». Cu ifflUk 
%mm) C0_Bc, Co-FeiNi-Fe^fliSnt 

"RC Ni-FeiCo-Fe^Sl^ntC^^ C 
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T a.<D±lC&f8.£tltcN i F e. CoFe 
m) . Cu (^att«®S) *5<*tXCoFe 
H) «. T«kB<fcUr©TaOKSP ! &?i<SWT. {1 
1 1} E©EfaK«3£<ft9. S6*#flSLr*5^S«fc 
5 CCjgyfflfflliFKteW SCoFe ( SSfiBfifeJl) 



fctotc, P tMn© {111} Wit. CoFe© (1 1 
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